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Residues of Organochlorines and Heavy Metals 
in Ruddy Ducks from the Delaware River, 1973 * 


Donald H. White and T. Earl Kaiser 


ABSTRACT 


In December 1973, eight ruddy ducks killed in an oil spill 
on the Delaware River were collected to be analyzed for 
residues of environmental pollutants. Whole carcasses were 
analyzed for organochlorine pesticides and livers were 
examined for lead, cadmium, and mercury. Residues of 
polychlorinated biphenyls and DDT and/or its metabolites 
were present in all carcasses. Dieldrin and hexachloroben- 
zene were present in seven of the eight samples. All livers 
contained detectable levels of lead, cadmium, and mercury. 


Introduction 


Ruddy ducks feed primarily on benthic organisms (/) 
in estuaries that may be contaminated with various en- 
vironmental pollutants. In December 1973 approxi- 
mately 2,000 ruddy ducks (Oxyura jamaicensis) died 
following an oil spill on the Delaware River near Pauls- 
boro, New Jersey. Many of these birds were brought 
to the Patuxent Wildlife Research Center for analysis 
of gizzard contents. Because little is known about en- 
vironmental pollutants in ruddy ducks, authors analyzed 
tissues from some of these birds to identify and quantify 
toxic chemicals present. 


Analytical Methods 


Eight ruddy ducks including two adults and two imma- 
tures of each sex were selected at random for analysis 
of organochlorine pesticides in the carcasses and heavy 
metals in the livers. The skin, beak, feet, gastrointestinal 
tract, and liver were removed and the carcass was 
homogenized with a Hobart food cutter. A 10-g aliquot 
was blended with sodium sulfate and extracted for 7 
hours with hexane on a Soxhlet apparatus. An aliquot 
of the extract, equivalent to 4 g of the carcass, was 
placed on a florisil column to remove lipids. Pesticides 
and polychlorinated biphenyls (PCB’s) were separated 


1 Fish and Wildlife Service, U.S. Department of Interior, Patuxent 
Wildlife Research Center, Laurel, Md. 20811. 
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into three fractions on a Silicar column. The organo- 
chlorine pesticides and PCB's were identified and quan- 
tified by gas chromatography on a 4 percent SE-30/6 
percent QF-1 column. Limits of sensitivity were 0.1 
ppm for pesticides and 0.5 ppm for PCB’s on a wet- 
weight basis. Residues in 25 percent of the samples were 
confirmed with a gas chromatograph/ mass spectrometer. 


These procedures are described in detail by Cromartie 
et al. (2). 


Livers were analyzed for lead, cadmium, and mercury 
at the Environmental Trace Substances Center, Colum- 
bia, Mo. Samples for lead and cadmium analysis were 
ashed using a nitric and perchloric acid mixture and 
the metals were solubilized in an acidic solution. Sam- 
ples for mercury analysis were digested under reflux 
conditions with concentrated nitric acid. Stannous 
chloride was added to reduce the ionic mercury to ele- 
mental mercury. Samples and standards were aspirated 
into an appropriate flame of an atomic absorption spec- 
trophotometer. A hollow cathode lamp for each metal 
of interest provided the characteristic line for the par- 
ticular metal. Limits of sensitivity were 0.1 ppm for 
lead, 0.01 ppm for cadmium, and 0.02 ppm for mercury 
on a wet-weight basis. 


Results and Discussion 


Levels of organochlorine residues in carcasses are pre- 
sented in Table 1. DDE was present in all samples at 
levels ranging from 1.1 to 4.5 ppm. PCB’s equivalent 
to Aroclor 1260 also were detected in all samples rang- 
ing from 2.8 to 10 ppm. DDT and/or DDD levels were 
below 0.34 ppm in all but one sample. Dieldrin and 
hexachlorobenzene occurred in all but one sample, but 
neither exceeded 0.36 ppm. 


All livers contained detectable levels of lead, cadmium, 
and mercury (Table 2). Heavy metals were detected in 
the following concentrations: lead, 0.19-0.61 ppm; cad- 
mium, 0.27-1.60 ppm; and mercury, 0.06-0.74 ppm. 
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TABLE 1. Organochlorine residues in ruddy duck carcasses, Delaware River, 1973 





RESIDUES, PPM WET WEIGHT 





AGE 


ay 
= 
~ 


p.p’-DDE p.p’-DDD 


p.p’-DDT DIELDRIN PCB’s 1 





Adult 
Adult 
Adult 
Adult 


Immature 


4.5 0.10 
3.3 0.14 
23 0.23 
1.1 0.17 
2.4 0.21 
3.5 0.13 

ND 

0.18 


Immature 


Immature 


“saan eU VEE 


Immature 


0.23 0.33 10.0 
0.14 0.18 0.08 6.5 
0.33 0.35 0.08 7.0 
ND 0.30 0.24 2.8 
ND 0.19 ND 3.5 
0.28 0.35 0.22 8.0 
ND ND 0.24 2.8 
0.20 0.20 0.06 4.8 





Mean + S. E. 0.15+0.03 


0.15+0.05 0.24+0.04 0.13+0.03 5.7+0.93 





NOTE: ND = not detected. 
' PCB’s are equivalent to Aroclor 1260. 


TABLE 2. Residues of lead, cadmium, and mercury in 
ruddy duck livers, Delaware River, 1973 


RESIDUES, PPM WET WEIGHT 


AGE LEAD CaDMIUM 


MERCURY 


Adult 0.61 1.60 0.09 
Adult 0.40 0.70 0.15 
Adult : 0.59 0.56 0.12 
Adult 0.19 0.51 0.74 
Immature ) 0.25 0.38 0.08 
Immature , 0.24 0.41 0.10 
Immature F 0.21 0.27 0.06 
Immature , 0.32 0.41 0.10 
Mean + S.E. 0.352:0.06 0.61+0.15 0.18+0.08 


Residue levels of these metals were similar to those 
found in livers of canvasbacks from the Chesapeake 
Bay region (3). Lead levels appear to be somewhat 
higher in ruddy duck livers based on experimental 
studies with mallards at Patuxent Wildlife Research 


Center (4). The ruddy duck livers contained levels of 
lead similar to those in livers of mallards dosed with a 
single shot and sacrificed after 1 month. 
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RESIDUES IN FOOD AND FEED 


Pesticide Residues in Total Diet Samples (IX) 


R. D. Johnson and D. D. Manske 1 


ABSTRACT 


During the ninth year of the Total Diet Study, pesticide 
residues remained at the relatively low levels reported 
previously. Thirty market baskets were collected in 30 
cities which ranged in population from less than 50,000 to 
1,000,000 or more. Averages and ranges of residues found 
are reported for the period August 1972 through July 1973 
by food class. Lead, selenium, and zinc data are included 
for the first time. During this period, the individual items 
used in making up the dairy and meat composites in four 
market baskets were analyzed for pesticides and the results 
are included. Results of recovery studies within various 
classes of residues are also presented. 


Introduction 


This report presents the results obtained in the Total 
Diet Program (/) of the Food and Drug Administra- 
tion (FDA), U.S. Department of Health, Education, 
and Welfare, from August 1972 through July 1973. 
Amounts and types of residues found from June 1964 
through July 1972 have been described in earlier re- 
ports (2-9). Samples were collected in 30 different 
grocery markets in 30 different cities. Conditions, pro- 
cedures, methodology (/0-15), and the limits of quan- 
titation were the same as those described in the last 
report (8, /0-/5. Also: H. K. Hundley and J. C. Un- 
derwood, Food and Drug Administration, 1970: per- 
sonal communication). Lead and selenium were added 
to the program because of the increased awareness of 
the hazards presented by these elements. Zinc, while not 
recognized as a toxic metal, has been included in this 
program because of its apparent neutralizing effect on 
the toxicity of cadmium. These new methodologies and 
their quantitative limits are: lead by atomic absorption 
spectroscopy (/6): 0.1 parts per million (ppm); selen- 
ium by fluorometry (/7): 0.1 ppm; and zinc by atomic 
absorption spectroscopy (/8): 0.5 ppm. This year for 


' Kansas City Field Office Laboratory, Food and Drug Administration, 
U.S. Department of Health, Education, and Welfare, Kansas City, 
Mo. 64106. 
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the first time individual items used in making up the 
dairy and meat food group composites of four market 
baskets were analyzed for pesticides. 


Results 


During the current reporting period, 1,729 residues of 
40 different compounds were found. Excluding lead, 
zinc, and selenium, the new elements which were added 
during this period, 988 residues of 37 different mate- 
rials were found. In the previous reporting period, 1,003 
residues of 35 different compounds were found in 35 
market baskets. The 40 different residues found are 
listed in decreasing order of frequency in Table 1. Table 
2 lists various chemical residues found, according to 
food class. Table 3 gives the levels of chemical residues 
found, according to food class. The average stated in 
Table 3 is based on 30 composites examined and does 
not include any trace values found in its calculation. 
For this reason an average value reported as “T” can 
be well below the detection limits of the method for 
that compound. 


The most common residues for each of the 12 food 
composites are discussed below; maximum levels appear 
in parentheses. None of the reported findings have been 
corrected for recoveries obtained in recovery experi- 


ments. A summary of recovery studies is given in 
Table 4. : 


DAIRY PRODUCTS 


All 30 composites of dairy products contained pesticide 
residues. Organochlorine residues were the most com- 
mon and they appeared in all 30 composites. The most 
common organochlorines and their maximum concen- 
trations were dieldrin, 0.005 ppm; BHC, 0.004 ppm; 
DDE, 0.012 ppm; and heptachlor epoxide, 0.002 ppm. 
Also present in this composite were DDT, TDE, lin- 
dane, methoxychlor, polychlorinated biphenyls (PCB’s), 
PCP, HCB, and diazinon. Zinc, ranging from 3.1 to 8.2 
ppm, appeared in all 30 composites. Selenium, lead, 
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cadmium, and arsenic were occasionally found in this 
composite. 


MEAT, FISH, AND POULTRY 

Ten organochlorine residues were found in varying com- 
binations in all 30 composites. The most common or- 
ganochlorine residues and their maximum concentra- 
tions were DDE, 0.114 ppm; dieldrin, 0.010 ppm; DDT, 
0.015 ppm; heptachlor epoxide, 0.002 ppm; BHC, 0.003 
ppm; and TDE, 0.011 ppm. Other residues found were 
lindane, PCB’s, diazinon, HCB, TCNB, and ethion. 
Selenium and zinc, ranging from trace to 0.3 ppm and 
from 5.1 to 33.4 ppm, respectively, were found in all 30 
composites. Mercury appeared in 29 of the 30 com- 
posites with a high value of 0.04 ppm. Lead, cadmium, 
and arsenic were also observed. 


GRAIN AND CEREAL PRODUCTS 

Malathion, ranging from 0.004 to 0.099 ppm, appeared 
in all 30 composites examined. Additional organophos- 
phorus residues were diazinon and Dursban. Other resi- 
dues found were DDT, dieldrin, lindane, PCB’s, DDE, 
TDE, TCNB, methoxychlor, ronnel, and orthophenyl- 
phenol. Zinc and cadmium, ranging from 4.7 to 10.4 
ppm and from 0.02 to 0.05 ppm, respectively, were 
found in all 30 composites. Selenium, ranging from 0.1 
to 0.4 ppm, was found in 29 composites. Lead, arsenic, 
and mercury were also found. 


POTATOES 
Cadmium and zinc, ranging from 0.02 to 0.12 ppm 


and from 1.7 to 5.7 ppm, respectively, were found in 
all 30 composites. Lead occurred at levels up to 0.1 
ppm in 17 composites. Selenium and arsenic were also 
found. Eleven organochlorine residues were observed in 
24 of the 30 composites examined. The most common 
and their maximum values were dieldrin, 0.007 ppm; 
CIPC, 1.36 ppm; DDE, 0.005 ppm; DDT, 0.005 ppm; 
and endosulfan, 0.015 ppm. Other residues found were 
TCNB, TDE, diazinon, heptachior epoxide, lindane, 
PCB’s, parathion, carbaryl, endrin, and 2,4-D. 


LEAFY VEGETABLES 

Seven organochlorine residues were observed in varying 
combinations in 24 of the 30 composites. Organophos- 
phorus residues were found in 20 of these composites. 
The most common of these compounds and their maxi- 
mum levels were endosulfan, 0.439 ppm; DDE, 0.006 
ppm; parathion, 0.017; and diazinon, 0.009 ppm; Cad- 
mium and zinc ranging from 0.01 to 0.28 ppm and 
from 0.5 to 4.0 ppm, respectively, were found in all 30 
composites. Lead occurred in 25 composites ranging 
from trace levels to 0.5 ppm. Other residues found were 
selenium, methyl parathion, dieldrin, TDE, arsenic, 
DDT, carbaryl, Perthane, and DCPA. 


LEGUME VEGETABLES 

Zinc and lead, ranging from 3.7 to 10.5 ppm and from 
trace to 0.7 ppm, respectively, were found in all 30 
composites. Other residues were selenium, cadmium, 
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parathion, dieldrin, arsenic, TDE, carbaryl, PCP, and 
Strobane. 


ROOT VEGETABLES 

Zinc, ranging from 0.6 to 4.2 ppm, was found in all 30 
composites. Lead appeared in 25 composites at a maxi- 
mum level of 1.0 ppm. Cadmium occurred at levels up 
to 0.06 ppm in 24 composites. Other residues found 
were selenium, DDE, arsenic, DDT, diazinon, mercury, 
parathion, ethion, carbaryl, and HCB. 


GARDEN FRUITS 

Ten organochlorine residues were detected in 22 of 30 
composites. The most common and their maximum 
levels were dieldrin, 0.012 ppm; TDE, 0.009 ppm; and 
endosulfan, 0.002 ppm. Zinc, ranging from 0.8 to 5.3 
ppm, occurred in all 30 composites. Lead was found in 
27 composites at levels up to 0.3 ppm and cadmium 
was found in 25 composites at levels up to 0.06 ppm. 
Other residues found were selenium, diazinon, DDE, 
BHC, DDT, carbaryl, parathion, lindane, TCNB, aldrin, 
and chlordane. 

FRUITS 

Six organophosphorus residues were found in various 
combinations in 16 of 30 composites. The most common 
and the highest levels found were ethion, 0.099 ppm; 
diazinon, 0.016 ppm; and malathion, 0.073 ppm. Zinc, 
ranging from 0.1 to 3.2 ppm, was found in all 30 
composites. Lead was found in 21 of the composites; 
the highest level observed was 0.4 ppm. Other residues 
found were carbaryl, selenium, cadmium, endosulfan, 
Perthane, dicofol, dieldrin, arsenic, parathion, TCNB, 
ronnel, Dursban, and phosalone. 


OILS, FATS, AND SHORTENING 

Ten organochlorine residues appeared in 14 of the 30 
composites. The most common and their maximum 
levels were dieldrin, 0.004 ppm; HCB, 0.006 ppm; PCA, 
0.032 ppm; and PCNB, 0.002 ppm. Malathion, ranging 
from trace to 0.101 ppm, was found in 18 composites. 
Zinc occurred in 30 composites at levels up to 9.1 ppm 
and cadmium appeared in 29 composites at levels up 
to 0.06 ppm. Other residues found were lead, selenium, 
diazinon, DDE, BHC, TDE, arsenic, DDT, mercury, 
PCB, and TCNB. 


SUGARS AND ADJUNCTS 

Five organochlorine residues were observed in 14 com- 
posites. The most common and their maximum levels 
were lindane, 0.002 ppm; BHC, 0.005 ppm; and PCP, 
0.02 ppm. Zinc, ranging from 1.0 to 5.1 ppm, was 
found in 30 composites. Lead occurred in 19 composites 
and cadmium in 13 composites at levels up to 0.1 ppm 
and 0.06 ppm, respectively. Other residues found were 
malathion, selenium, DDT, TDE, and arsenic. 
BEVERAGES 

Metal residues were the only ones found in beverages. 
Zinc was the most common; it occurred in 29 of the 
30 composites at levels up to 5.4 ppm. Lead, cadmium, 
and selenium were also observed. 
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Discussion 


Organochlorine residues appeared in 187 of the 360 
composites examined, or 52 percent of total. Corres- 
ponding quantities in previous years were 54 percent in 
1971-72, 61.4 percent in 1970-71, and 74.2 percent in 
1969-70. Organophosphorus residues in the current re- 
porting period were found in 113 composites, or 31 
percent. Corresponding percentages in previous years 
were 27.8, 21.4, and 20.6, respectively. 


Carbaryl was found in 12 composites during the present 
reporting period; 10 of these findings were at the trace 
level. This is a higher incidence than the 6 findings of 
the previous reporting period but still below the 20 
occurrences in 1970-71. Orthophenylphenol, which is 
detected with carbaryl, occurred in only one composite 
and that residue was at the trace level. In the previous 


reporting period, orthophenylphenol was detected seven 
times. 


Only one composite containing a chlorophenoxy acid 
herbicide was found in this reporting period. Penta- 
chlorophenol, which is detected by the method for 
chlorophenoxy acid, was found nine times. 


Zinc was detected in all but one composite examined, 
ranging from 0.1 to 33.4 ppm. The second most com- 
monly occurring metal, lead, was found in all 12 food 
classes and was encountered in 242 of the 360 com- 
posites examined, at levels ranging from trace to 1.0 
ppm. Cadmium and selenium were also found in all 12 
composites. The highest of the 217 findings of cadmium 
was 0.28 ppm and the highest of the 140 findings of 
selenium was 0.40 ppm. 


Mercury appeared in 32 composites and, as in the past, 
the meat, fish, and poultry class was the source of most 
findings. The highest value was 0.04 ppm. 


The program was expanded this year to include indi- 
vidual commodity analysis for chlorinated, organophos- 
phate, and PCP residues in food groups I (dairy) and 
II (meats) on 4 of the 30 Total Diet samples. Com- 
posites I and II were selected because of past data 
showing that most significant chlorinated residues oc- 
curred in these two groups (2-9, 19). Individual com- 
modity analysis results are shown in Table 5 (dairy 
group) and Table 6 (meat group). Three items from 
the dairy group, namely, buttermilk, skim milk, and 
nonfat dry milk, and one item from the meat group, 


shrimp, are not shown because they contained no 
residues. 


Recovery studies were conducted for all classes of 
chemicals sought throughout the entire year (Table 4). 
Each recovery experiment consisted of a single deter- 
mination for the unfortified food composite and a 
single determination for the fortified sample. Because 
these were performed simultaneously, occasionally the 
fortification level was below the level present in the 
sample. In other cases, not enough recoveries were run 
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to permit statistical evaluation. These data are not 
reported. 


At very low fortification levels recoveries may range 
from 0 to 200 percent. As the fortification level is 
raised, however, the recovery improves. Recovery data 
demonstrate that individual, low-level residues may 
vary from the so-called true value but overall findings 
are useful in appraising the national residue picture. 
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TABLE 1. Pesticide residues found in food composites, August 1972—July 1973 





No. Positive 
Composites WITH 
No. Composites RESIDUES REPORTED RANGE, 
CHEMICAL WITH RESIDUES As TRACE ! PPM 








359 0 0.1-33.4 


242 152 0.1-1.0 
CADMIUM 217 0 0.01-0.28 
SELENIUM 140 80 0.1-0.40 
DIELDRIN 107 29 ©.0002-0.012 
Not less than 85% of 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4- 
endo-exo-5 ,8-dimethanonaphthalene 
DDE 
1,1-dichloro-2,2-bis (p-chloropheny]l) ethylene (all isomers are included in reportings) 
BHC 
1,2,3,4,5,6-hexachlorocyclohexane, mixed isomers except gamma 
DDT 
1,1,1-trichloro-2,2-bis (p-chlorophenyl) ethane (all isomers are included in reportings) 
DIAZINON 
O,0O-diethyl o-(2-isopropyl-6-methyl-4-pyrimidyl) phosphorothioate 
MALATHION 54 4 0.003-0.101 
diethylmercaptosuccinate, S-ester with O,O-dimethyl phosphorodithioate 
TDE 
1,1-dichloro-2,2-bis (p-chlorophenyl) ethane (all isomers are included in reportings) 
HEPTACHLOR EPOXIDE 
1,4,5,6,7,8,8-heptachloro-2,3-epoxy-3a, 4,7,7a-tetrahydro-4,7-methanoindan 
LINDANE 39 0.0003-0.006 
1,2,3,4,5,6-hexachlorocyclohexane, 99% or more gamma isomer 
MERCURY 
ENDOSULFAN 
6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxathiepin 3-oxide 
(reportings iclude isomers I, II, and the sulfate) 
ARSENIC (As202) 22 0.1-0.2 
PCB’S 0.073 
(polychlorinated biphenyls) calculated as Aroclor with varied chlorine content 
PARATHION 0.004-0.017 
0O,0-diethy1 o-p-nitrophenyl phosphorothioate 
ETHION 0.004-0.099 
0,0,0’,O’-tetraethyl S,S’-methylene bisphosphorodithioate 
CIPC 0.027-1.36 
isopropyl n-(3-chlorophenyl) carbamate 
CARBARYL 0.05-0.10 
I-naphthyl methyl carbamate 
HCB 0.0006-0.041 
hexachlorobenzene 
PCP 0.01-0.02 
pentachlorophenol 
TCNB 0.001-0.173 
1,2,4,5-tetrachloro-3-nitrobenzene 
PCA 0.003-0.032 
pentachloroaniline 
METHOXYCHLOR 0.005 
1,1,1-trichloro-2,2-bis (p-methoxypheny]) ethane 
PCNB 0.0008-0.002 
per:tachloronitrobenzene 
METHYL PARATHION 0.002-0.003 
O,0-dimethyl! o-p-nitrophenyl phosphorothioate 
PERTHANE 0.013-1.32 
1,1-dichloro-2,2-bis (p-ethylphenyl) ethane 
DICOFOL (KELTHANE) 0.018-0.044 
4,4’-dichloro-a-(trichloromethyl) benzhydrol 
RONNEL 
O,O-dimethy1 (0-2,4,5-trichlorophenyl) phosphorothioate 
DURSBAN 
O,0-diethy1-o0-(3,5,6-trichloro-2-pyridyl) phosphorothioate 
PHOSALONE 
0,0-diethy! S-(6-chloro-2-oxobenzoxazolin-3-yl) methyl phosphorodithioate 
STROBANE ‘s 
terpene polychlorinates (65-66% chlorine) 
ENDRIN 
1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-endo-5,8- 
dimethanonaphthalene 
ALDRIN . 
Not less than 95% of 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo-exo-5,8- 
dimethanonaphthalene 
CHLORDANE 
(Technical) Cis and trans isomers of 1,2,4,5,6,7,8,8-octachloro-3a, 4,7,7a-tetrahydro-4,7- 
methanoindane plus approximately 50% related compounds 


81 27 0.0004-0.114 
59 15 0.0002-0.005 
54 25 0.0004-0.015 


54 24 0.001-0.044 


48 0.001-0.021 


46 0.0006-0.002 


32 0.02-0.04 
29 0.002-0.439 


K 
0.003-0.005 


0.015 
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TABLE 1 (cont'd). Pesticide residues found in food composites, August 1972-July 1973 





No. Positive 
ComMPOsITEs WITH 
No. COMPOSITES RESIDUES REPORTED RANGE, 
CHEMICAL WITH RESIDUES As TRACE PPM 





ORTHOPHEN YLPHENOL 
2-hydroxydiphenyl 

2,4-D 
2,4-dichlorophenoxyacetic acid 

DCPA (DACTHAL) 
2,3,5,6-tetrachloroterephthalic acid dimethyl ester 


1 1 
1 0 


0 





1 Chemicals capable of being detected by the specific analytical methodology may be con- 
firmed qualitatively but are not quantifiable when they are present at concentrations below 
the limit of quantitation. Limit of quantitation varies with residue and food class. 


TABLE 2. Occurrence frequency of chemical residues by food class, August 1972-July 1973 





NUMBER OF OCCURRENCES 





Foop Crass ! 
CHEMICAL Vv VI Vil Vill 








Lead 25 25 2 
Cadmium 24 25 
Selenium 6 10 
Dieldrin 22 
DDE 

BHC 

DDT 

Diazinon 

Malathion 

TDE 

Heptachlor Epoxide 

Lindane 

Mercury 

Endosulfan 

Arsenic 

PCB’s 

Parathion 

Ethion 

CIPC 

Carbaryl 

HCB 

PCP 

TCNB 

PCA 

Methoxychlor 

PCNB 

Methyl Parathion 

Perthane 

Dicofol 

Ronnell 

Dursban 

Phosalone 

Strobane 

Endrin 

Aldrin 

Chlordane 

Orthophenylphenol 

2,4-D 

DCPA 





1 See Table 3 for identification of the 12 food classes. 
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TABLE 3. Levels of chemical residues found by food class, August 1972-July 1973 





I. Damry Propucts 


RESIDUES, PPM 





Average 

Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIELDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


BHC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


HEPTACHLOR EPOXIDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LINDANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


METHOXYCHLOR 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


0 
0.01-0.06 


T 
5 


4 
T-0.005 


PCB’s 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIAZINON 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PCP 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


HCB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





II. MEAT, FisH, AND POULTRY 


RESIDUES, PPM 





Average 

Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIELDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


MERCURY 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
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0.012 
30 

3 
T-0.114 


26.4 

30 

0 
5.1-33.4 


0.2 
30 


1 
T-0.3 


0.004 


29 


0 
0.001-0.010 


0.01 
29 

17 
T-0.04 
0.006 


28 


HEPTACHLOR EPOXIDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


BHC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LINDANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 


PCB’s 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIAZINON 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


HCB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ETHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TCNB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
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TABLE 3 (cont'd). Levels of chemical residues found by food class, August 1972-July 1973 





III. GRAIN AND CEREAL 


RESIDUES, PPM 





CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


MALATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TCNB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





IV. POTATOES 
RESIDUES, PPM 





CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CIPC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIELDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


0.05 

30 

0 
0.02-0.12 


at 
30 


13 


0 
0.027-1.36 


0.001 
11 


4 
T-0.007 


0.001 
9 


4 
T-0.005 


T 


- 
6 


DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ENDOSULFAN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIAZINON 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TCNB 
Average 
Positive Composites 
Tote’ No. 
No. Reported as Trace 
Range 


ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CARBARYL 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


0.007 
2 
0.032-0.173 


T 


2,4-D 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ENDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


HEPTACHLOR EPOXIDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LINDANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PARATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
PCB’s 
Average 
Positive Composites 
Total No. 


No. Reported as Trace 
Range 





V. LEAFY VEGETABLES 
RESIDUES, PPM 





CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PARATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
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LEAD 

Average 

Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ENDOSULFAN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
ZINC 
Average 
Positive Composites 
Total No 
No. Reported as Trace 
Range 
SELENIUM 
Average 
Positive Composites 
Total No 
No. Reported as Trace 
Range 
CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


Hy 


25 


17 


T 
10 


0 
0.01-0.03 





DIAZINON 
Average 
Positive Composites 

Total No. 
No. Reported as Trace 
Range 

DIELDRIN 
Average 
Positive Composites 

Total No. 
No. Reported as Trace 
Range 


METHYL PARATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TABLE 3 (cont'd). Levels of chemical residues found by food class, August 1972—July 1973 





DCPA 
Average T 
Positive Composites 
Total No 1 
No. Reported as Trace 0 
Range 0.0130 


DDT 
Average ¥ 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PERTHANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





VI. LEGUME VEGETABLE 
RESIDUES, PPM 





PARATHION 
Average 
Positive Composites 

Total No. 
No. Reported as Trace 
Range 

ARSENIC 
Average 
Positive Composites 

Total No. 
No. Reported as Trace 
Range 

DIELDRIN 
Average 
Positive Composites 

Total No. 
No. Reported as Trace 
Range 

CARBARYL 
Average 
Positive Composites 

Total No. 
No. Reported as Trace 
Range 


VII. Roor VEGETABLES 
RESIDUES, PPM 








ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
DDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
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3 


0 
0.002-0.014 


PCP 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


STROBANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
CARBARYL 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIAZINON 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ETHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


Average 

Positive Composites 
Total No. 
No. Reported as Trace 
Range 


MERCURY 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PARATHION 
Average 
Positive Composites 
Total No 
No. Reported as Trace 
Range 
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TABLE 3 (cont'd). Levels of chemical residues found by food class, August 1972-July 1973 





VIII. GarvEN Fruits 


RESIDUES, PPM 





ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIELDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIAZINON 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 


25 


0 
0.01-0.06 


0.003 
22 

5 
T-0.012 


T 


10 
10 
= 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ENDOSULFAN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


BHC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CARBARYL 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PARATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ALDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CHLORDANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LINDANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TCNB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





IX. Fruits 
RESIDUES, PPM 





Average 

Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ETHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CARBARYL 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DIAZINON 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ENDOSULFAN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DICOFOL 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


MALATHION 
Average 
Positive Composites 
Total No. 
‘ No. Reported as Trace 
Range 


PERTHANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


7 
4 


0 
0.01-0.02 


= 

4 

2 
T-0.007 


0.002 

3 

1 
T-0.044 


0.003 
3 


0 
0.003-0.073 


0.002 

3 

0 
0.013-0.020 


DIELDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DURSBAN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PARATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


PHOSALONE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


RONNEL 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


TCNB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
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TABLE 3 (cont'd). Levels 


of chemical residues found by food class, August 1972—July 1973 





X. Ons, Fats, AND SHORTENING 
RESIDUES, PPM 





ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


MALATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
DIELDRIN 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


HCB 
Average 
Positive Composites 
Total No. 6 
No. Reported as Trace 1 
Range T-0.006 


PCA 
Average 0.003 
Positive Composites 

Total No. 6 
No. Reported as Trace 0 
Range 0.003-0.032 


DIAZINON 
Average 
Positive Composites 
Total No. 5 
No. Reported as Trace 
Range 


PCNB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


BHC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
DDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 2 
Range T-0.012 


0.003 


1 
T-0.044 


TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


MERCURY 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
PCB’s 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
TCNB 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





XI. SuGaRs AND ADJUNCTS 
RESIDUES, PPM 





ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
LEAD 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
CADMIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
LINDANE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


BHC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
PCP 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
MALATHION 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


ARSENIC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
DDT 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
TDE 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 





XII. BEVERAGES 
RESIDUES, PPM 





ZINC 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 
LEAD 
Average = 
Positive Composites 
Total No. 6 
No. Reported as Trace 5 
Range T-0.1 


NOTE: T = trace; see definition, Table 1. 
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CADMIUM 
Average T 
Positive Composites 
Total No. 5 
No. Reported as Trace 
Range 
SELENIUM 
Average 
Positive Composites 
Total No. 
No. Reported as Trace 
Range 


0 
0.01-0.08 
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TABLE 4. Recovery experiments on residues in total diet samples, August 1972-July 1973 





TYPE OF 
Foop 
COMPOSITE PPM 


SPIKE 


RESIDUE PPM ! 


RANGE OF 
LeveL, BLANK LEVEL, 


RANGE OF TOTAL 


RECOVERED, 
PPM 


No. OF 
RECOVERY 
EXPERIMENTS RESIDUE 


TYPE OF 


Foop 


SPIKE 
LEVEL. 
COMPOSITE PPM 


RANGE OF 
. BLANK LEVEL, 
PPM! 


RANGE OF TOTAL 


No. OF 
RECOVERY 
EXPERIMENTS 


RECOVERED, 
PPM 





DDE Fatty 0.005 
(0.0038) 
0-0.0024 


(0.0003 ) 


Nonfatty 0.005 


0.0004-0.0078 0.0042-0.0116 


(0.0077) 
0.0032-0.0091 
(0.0057) 


5 2, 4, 5-T 
9 


Fatty 


Nonfatty 


0.03 
0.03 


0-0.048 15 
(0.020) 

0.014-0.047 26 
(0.032) 





Fatty 0-0.0095 
(0.0037) 
0-0.0031 


(0.0004) 


Nonfatty 


0.0064-0.0182 
(0.0130) 

0.0069-0.0181 
(0.0118) 


Fatty 


Nonfatty 


0-0.017 
(0.010) 

0-0.024 
(0.015) 





Dieldrin Fatty 0-0.0105 
(0.0042) 
0-0.0024 


(0.0007) 


Nonfatty 


0.0035-0.0162 
(0.0084) 

0.0042-0.0081 
(0.0058) 


Fatty 


Nonfatty 


0-0.042 
(0.025) 

0.008-0.048 
(0.034) 





Strobane Fatty 


Nonfatty 


0.108-0.263 
(0.176) 

0.169-0.280 
(0.186) 


Fatty 


Nonfatty 


0-0.017 
(0.011) 

0-0.022 
(0.016) 





Fatty 


Nonfatty 


0.0035-0.0045 
(0.0039) 

0.0036-0.0046 
(0.0042) 


Carbaryl 


Nonfatty 


T-0.20 
(0.18) 





Orthophenyl- 





Endrin Fatty 


Nonfatty 


0.0034-0.0061 
(0.0045) 

0.0036-0.0058 
(0.0047) 


phenol 


Nonfatty 


0-0.40 
(0.30) 





Cadmium 





Kelthane Fatty 


Nonfatty 


0.010-0.023 
(0.018) 

0.015-0.025 
(0.018) 


Fatty 


Nonfatty 


0.077-0.127 
(0.108) 

0.080-0.221 
(0.119) 








Methyl 


Parathion Fatty 


Nonfatty 


0.0062-0.0133 
(6.0099) 

0.0064-0.0150 
(0.0097) 


Fatty 


Norfatty 


(0.082) 


0.080-0.300 
(0.182) 

0.060-0.880 
(0.262) 





Mercury 





Parathion Fatty 


Nonfatty 


0.0041-0.0055 


(0.0050) 


Fatty 


Nonfatty 


0-0.036 
(0.006) 

0-0.009 
(0.001) 


0.034-0.104 
(0.067) 

0.035-0.090 
(0.063 ) 





Arsenic 





Ethion Fatty 


Nonfatty 


0.0037-0.0050 
(0.0045) 

0-0.0058 
(0.0040) 


Fatty 


Nonfatty 


0-0.160 
(0.030) 

0-0.072 
(0.016) 


0.090-0.310 
(0.169) 

0.035-0.240 
(0.172) 





Selenium 





1 Numbers in parentheses represent average residue levels. 
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Fatty 
Nonfatty 


Nonfatty 


0-0.340 
(0.093) 

0-0.220 
(0.020) 

0-0.405 
(0.034) 


0.120-0.850 
(0.299) 

0.040-0.390 
(0.299) 

0.100-0.575 
(0.206) 








TABLE 5. Pesticide residues in individual commodities of dairy composite of four market basket samples 





Commoonity 3,2 





PESTICIDE WHOLE 
FLuIp EVAPORATED Ice CoTTAGE PROCESSED NATURAL MARGARINE IcE 
MILK (4) MILK (4) CreaM (4) CHEESE (4) CHEESE (4) CHEESE (4) BUTTER (4) (4) MILK (3) 


DDE 
No. occurrences 2 2 3 4 3 4 2 
Range, ppm 0.001-0.003 0.013-0.016 T-0.019 0.012-0.015 T-0.008 0.003-0.008 0.005-0.154 T-0.009 

DIELDRIN 
No. occurrences 3 3 3 4 4 4 2 
Range, ppm 0.002-0.003 T-0.007 T 0.005-0.010 0.005-0.014 0.014-0.056 T 

HCB 


No. occurrences 
Range, ppm 


BHC 
No. occurrences 


3 1 4 3 3 

Range, ppm 0.004-0.011 0.002-0.005 0.009-0.018 
HEPTACHLOR EPOXIDE 

No. occurrences 4 2 3 

Range, ppm T-0.004 0.003-0.012 0.005-0.007 
METHOXYCHLOR 

No. occurrences 2 

Range, ppm 0.029-0.040 
LINDANE 


No. occurrences 
Range, ppm 


p,p’-DDT 
No. occurrences 
Range, ppm 


TDE 
No. occurrences 
Range, ppm 





PCB’s 
No. occurrences 
Range, ppm 


MALATHION 
No. occurrences 
Range, ppm 





1 Buttermilk, skim milk, and nonfat dry milk not shown because no residues were found. 
* Figures in parentheses represent number of replicates. 


PESTICIDES MONITORING JOURNAL 





*soyeoqdel Jo Joquinu juaseldel sosoyjualed Ul soins ; 
“‘punoj pisol ou q uMoYs 10U duTTys , 








$90U9IINII0 ‘ON 
TANNOUW 

uidd ‘aduey 

$90U9IINIIO ‘ON 
ANVGNIT 

uwidd ‘a8uey 

S90U9IINIOO ‘ON 
OHE 

widd ‘o3uey 

S90U9IINIIO ‘ON 
AdIxOdd YOTHOVIddH 

1$0'0-0S0°0 uidd ‘o8uey 

c4 $20U911N990 “ON 
S.€od 

100°0 widd ‘a8uey 

I $90U911N990 ‘ON 
OH 

0 z£0'0 €10°0-L00°0 urdd ‘o8ueyq 
z I z $90U9IINIIO ‘ON, 
aqL 

6£0°0°810'0 0£0°0-800'0 § 0£0°0-L L 720'0-S00'0 uidd ‘oduey 

z € Zz I Z $90U91INIIO “ON 
Ldaa-.4‘d 


p00'0-L =£00°0-700'0 9=LOO'OL 600'0-£00'0 610'0-700'0 uidd ‘aduey 
v v 


900°0 widd ‘a3uey 
Lf 


L 
I 


900°0 610°0 010°0-S00'0 010°0-L 010°0-900" 
I I 4 z 


I 4 I v > 

Zz € b S90U9IINIDO ‘ON 
NIVaTHIIG 

widd ‘a8uey 

S90U9IINIIO ‘ON 
gaaqq 


I v 4 v v 
€80°0-900'0 6SS°0-800°0 
v € 


I v > v 4 ¥ € z 


vI0'O §=010'0-800'°0 L 990'0-S00°0 
I v z z 





(2) @WvT (7) TWdA (py) AVIS (py) WYH (p)SODq (h) BAAIT (ry) (>) LvaW (y) (>) LATIN (py) (>) NOOVg (>) SdOHD (py) sdaq (pH) Jaag 
annoy aqag Swalunda -HONNT NOW IVS HSIJ NaXOIHD waod annory isvoy AGISILSAd 


-INVUT ¥O VNOL 


z't ALIGOWWO7) 








Sajdups jaysvg jaysoui ano{ fo ajisodwio2 jvau fo saijipouwuod jonpiAlpul ul Sanpisas apioiusad ‘9 AAV L 


VoL. 9, No. 4, MARCH 1976 





RESIDUES IN FISH, WILDLIFE, AND ESTUARIES 


Chlorinated Hydrocarbon Pesticides and Mercury in Coastal 
Young-of-the-Y ear Finfish, South Carolina and Georgia—1972-74 ' 


Robert J. Reimold 2 and Malcolm H. Shealy, Jr.* 


ABSTRACT 


Pesticides and heavy metals were monitored in fish collected 
from 11 estuaries representing all the Atlantic drainage 
basins in Georgia and South Carolina. Part of the U.S. 
Environmental Protection Agency National Estuarine Moni- 
toring Program, the semiannual survey of young-of-the-year 
fishes, was conducted from 1972 to 1974. Data are intended 
to provide an initial base line for residue levels in the fish 
studied in these waters. Dieldrin was found in 2 percent of 
the samples, DDT and metabolites were in 33 percent, poly- 
chlorinated biphenyls were in 4 percent, and mercury was 
in 47 percent. Noticeably absent were any measureable 
residues of toxaphene even though there is a toxaphene 
manufacturing plant in Brunswick, Ga. 


Introduction 


The presence of chlorinated hydrocarbons in continental 
United States marine and estuarine molluscs was moni- 
tored from 1965 to 1972 by the U.S. Environmental 
Protection Agency (EPA) (/,2). Nevertheless there is 
a paucity of data concerning the concentrations of these 
compounds and total mercury in estuarine finfish from 
coastal Georgia and South Carolina. 


As part of the EPA National Estuarine Monitoring 
Program, a semiannual survey of selected Georgia and 
South Carolina estuaries was initiated in October 1972. 
This paper reports base line chlorinated hydrocarbon 
and total mercury concentrations, including negative 
results, in young-of-the-year finfish from the Georgia 
and South Carolina estuaries of the Atlantic coast from 
fall 1972 through spring 1974. 





1 Contribution No. 517, University of Georgia Marine Resources Ex- 
tension Center. Contribution No. 46, South Carolina Marine Resour- 
ces Center. 

2 University of Georgia Marine Resources Extension Center, P.O. Box 
517, Brunswick, Ga. 31520. 

% Marine Resources Research Institute, P.O. Box 12559, South Caro- 
lina Wildlife and Marine Resources Department, Charleston, S.C. 
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Methods 


The study area included coastal Georgia and South 
Carolina. Collection sites in six South Carolina estuaries 
and five Georgia estuaries are depicted in Figures 1 and 
2. At each location, samples were collected during fall 
1972, spring 1973, fall 1973, and spring 1974. Speci- 
mens for residue analysis were restricted to young-of- 
the-year fish. Consequently, residues reflect the accumu- 
lation over a period of not more than 1 year preecding 
sample collection. Each sample consisted of a 25-g 
aliquot from a composite sample of at least 25 fish. 
South Carolina fish were collected with a 6-m semi- 
balloon otter trawl described by Shealy (3). Georgia 
specimens were collected with an otter trawl described 
by Reimold and Durant (4). Georgia samples were 
placed on ice and were processed for analysis within 4 
hours of collection according to techniques of Reimold 
and Durant (4) and Durant and Reimold (5). South 
Carolina samples were frozen immediately upon collec- 
tion and were processed later for analysis by the tech- 
niques noted above. 


All samples were analyzed by the EPA Pesticide Moni- 
toring Laboratory, Bay St. Louis, Miss., using the tech- 
niques of Butler (2) for pesticides and of Uthe et al. 
(6) and Brandenberger and Bader (7,8) for total mer- 
cury. Specific chlorinated hydrocarbons for which 
analyses were conducted were: DDT, DDE, TDE, 
dieldrin, endrin, polychlorinated biphenyls (PCB's), 
toxaphene, mirex, and chlordane. Phenoxy-herbicides, 
and carbamate and organophosphorus pesticides were 
also monitored but are not discussed in this report 
because their residues were not detected. PCB’s were 
quantified by matching residues with an Aroclor 1254 
standard. Recovery of pesticides was between 85 and 
90 percent; data have not been corrected. Concentra- 
tions of all pesticides and mercury are reported on a 
whole-body, wet-weight basis. Pesticide concentrations 
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those accepted by the American Fisheries Society (9). 
Quantifiable concentrations of chlorinated hydrocarbons 
and mercury in coastal sites of South Carolina and 
Georgia are summarized in Table 2. 


Dieldrin was detected only in Atlantic croaker collected 
in the Savannah River, Ga., in spring 1973, and in 
star drum from St. Andrews Sound, Ga., in fall 1972. 
DDT was detected in star drum (33 pg/kg) collected 
from Port Royal Sound, S.C., in spring 1973. All other 
samples containing detectable concentrations of DDT 
were collected during the fall of 1972. DDE was found 
in ichthyofauna from all collection sites. The maximum 
concentration (40 ng/kg) was measured in spot from 
the Savannah River, Ga., in fall 1972. TDE was found 
at all collection locations except the south Edisto River, 
S.C.; St. Helena Sound, Ga., and St. Catherines Sound, 
Ga. The maximum concentration of 43 yg/kg TDE 
was in star drum collected in fall 1972 from St. Andrews 
Sound. PCB’s equivaJent to Aroclor 1254 were detected 
in silver perch from Port Royal Sound (182 yg/kg, 
fall 1972), star drum from the Savannah River (137 
pg/kg, spring 1974), and star drum from St. Andrews 
Sound (508 yg/kg, fall 1972). No other pesticides were 
detected in any samples during the monitoring period. 
Mercury was detected at all geographic locations with 
highest values in Winyah Bay, S.C. (797 yug/kg in At- 











FIGURE 1. Estuarine collection sites in coastal 
South Carolina, 1972-74 


less than 10 »g/kg and mercury concentrations less than 
20.0 »g/kg are not reported. 


Results 


Table 1 lists scientific names and collection locations of 
all fishes analyzed. Scientific and common names are 
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FIGURE 2. Estuarine collection sites in coastal Georgia, 
1972-74 
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TABLE 1. List of coastal young-of-the-year fishes sampled from fall 1972 through spring 1974, South Carolina and Georgia 





SouTH CAROLINA 


GEORGIA 





SCIENTIFIC NAME COMMON NAME WB Ss 


CH SE SCs AS 





Anchoa mitchilli 
Arius felis 
Bairdiella chrysura 
Brevoortia tyrannus 
Cynoscion regalis Weakfish 
Etropus crossotus Fringed flounder 
Leiostomus xanthurus Spot 

Menticirrhus americanus Southern kingfish 
Micropogon undulatus Atlantic croaker 
Peprilus alepidotus Harvestfish 

Rissola marginata Striped cusk-eel 
Stellifer lanceolatus Star drum 
Symphurus plagiusa Blackcheek tonguefish 


Bay anchovy 

Sea catfish 

Silver perch 
Atlantic menhaden 


>, 4 
xX 


> 4 


x x 
x x 





NOTE: 


WB = Winyah Bay, SS = South Santee River, CH = Charleston Harbor, SE == South Edisto River, SHS = St. Helena Sound, PRS = 


Port Royal Sound, SR = Savannah River, SCS = St. Catherines Sound, AS = Altamaha Sound, SSS = St. Simons Sound, and SAS = 


St. Andrews Sound. 


lantic croaker, spring 1973), and the South Santee River, 
S.C. (3,059 ywg/kg in silver perch, spring 1973). 


Discussion 


When combined, levels in ichthyofauna in the two 
States represent an array of indicator finfish species 
and chlorinated hydrocarbon and mercury residues in 
a large number of fishes common to estuaries of the 
southeastern United States. Thirteen species, represent- 
ing eight families from five orders, are included. 


The five fish species reported for the South Carolina 
coast, all in the family Sciaenidae, were selected be- 
cause they are among the most abundant and ubiquitous 
bottom fishes in these estuaries (10). The eight Georgia 
species reported represent various diets and several ad- 
ditional important families, including the Engraulidae, 
Clupeidae, Ariidae, Bothidae, Cynoglossidae, Ophidiidae, 
and Stromateidae. 


Eleven estuaries representing all the Atlantic drainage 
basins in the two States were monitored, allowing com- 
parison of contaminant residue levels between various 
locations over much of the portion of the southeastern 
Atlantic coast known as the Georgia Embayment. 


Total mercury values listed do not differentiate between 
inorganic mercury and the much more harmful organo- 
mercurials. For further information on organic mercury, 
the reader is referred to D'Itri (//) and Lepple (12). 


During spring 1973, the 797 »g/kg mercury in Atlantic 
croaker from Winyah Bay, S.C., represented a level 
slightly above the 500 ng/kg legal maximum concentra- 
tion of mercury in food set by the Food and Drug 
Administration, U.S. Department of Health, Education, 
and Welfare (/2). The 3,059 yg/kg in silver perch 
from South Santee, S.C. is six times above this level. 
In both estuaries, mercury levels were considerably 
lower both before and after spring 1973. The cause of 
the singularly high total mercury values in the two 
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estuaries during this sampling period has not been 
ascertained. 


The data establish base line conditions by which future 
comparisons of chlorinated hydrocarbon and total mer- 
cury residue levels can be made for selected ichthyo- 
fauna of coastal South Carolina and Georgia. During 
this study detectable concentrations were measured and 
reported for dieldrin, DDT, DDE, TDE, PCB's, and 
total mercury (i.e., concentrations greater than or equal 
to 10 wg/kg for chlorinated hydrocarbons and 20 pg/kg 
for mercury). Dieldrin was never detected after spring 
1973. Similarly, DDT was found only prior to spring 
1973, which may reflect the 1972 ban by EPA. The 
metabolites of DDT, namely DDE and TDE, were 
seasonally and spatially ubiquitous throughout the 
monitoring period. The PCB detected may represent 
isolated instances associated with industrial activities 
adjacent to Beaufort and Port Royal Sound in South 
Carolina, the Savannah River in Savannah, Ga., and 
St. Andrews Sound. The chlorinated hydrocarbons toxa- 
phene, chlordane, endrin, and mirex, and phenoxy- 
herbicides, carbamates, and organophosphorus pesticides 
were never detected in concentrations greater than or 
equal to 10 pg/kg. 


The absence of toxaphene is extremely interesting be- 
cause a toxaphene manufacturing plant at Brunswick, 
Ga., was in operation throughout the monitoring pro- 
gram and agricultural use of toxaphene has continued 
in the watersheds of South Carolina and Georgia. 
Earlier studies (/3) evaluated effluents from a toxa- 
phene manufacturing plant in Georgia and found de- 
tectable quantities of toxaphene in estuarine biota dur- 
ing 1971-72, including salt marsh cordgrass, Spartina 
alterniflora; white shrimp, Penalus setiferus; American 
oyster, Crassostrea virginica; spot, Leiostomus xan- 
thurus; mummichog, Fundulus heteroclitus; striped mul- 
let, Mugil cephalus; lesser scaup, Aythya affinis; and 
ped-billed grebe, Podilymbus podiceps. This discrepancy 
between toxaphene residues in the two studies, and the 
fact that analytical precision of the studies was similar, 
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suggest that a pollution abatement program initiated by 
the toxaphene manufacturing plant effectively removed 
toxaphene during the present study. 


Residues of dieldrin, DDT, DDE, and TDE were found 
in 2, 10, 33, and 16 percent of the samples, respectively. 
The PCB equivalent to Aroclor 1254 was found in only 
4 percent of the samples; mercury was found in 47 
percent. The distribution of DDT and its metabolites 
and mercury was similar in coastal areas of both Geor- 
gia and South Carolina. Aroclor 1254 was found more 
frequently in the Caribbean sites than in those along 
the southeastern coastline of the United States. Concen- 
tration ranges were also generally lower in samples from 
the southeastern United States; maximum residue levels 
were: dieldrin, 98 »g/kg; DDT, 33 yg/kg; DDE, 40 
ug/kg; PCB’s (Aroclor 1254), 508 wg/kg; and mercury, 
3,059 ug/kg. 


Future monitoring activities should include sampling of 
different trophic levels in each geographic location where 
significant concentrations are detected. Finfish moni- 
toring should be continued and compared periodically 
to the base line residue levels of the current study to 
determine whether these pollutants are increasing, de- 
creasing, Or maintaining a steady state in these estuaries 
and indicator finfish species. 
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TABLE 2. Chlorinated hydrocarbon and mercury concentrations in young-of-the-year 
ichthyofauna, South Carolina and Georgia—1972-74 





WHOLE-BODY WET WEIGHT, “G/KG 





DaTE COMMON NAME 


DIELDRIN DDT 


DDE TDE 





WINYAH Bay, S.C. 





Fall 1972 
Fall 1972 
Spring 1973 
Spring 1973 
Fall 1973 
Fall 1973 
Spring 1974 
Spring 1974 


Atlantic croaker 
Star drum 
Atlantic croaker 
Star drum 
Atlantic croaker 
Star drum 
Atlantic croaker 


Star drum 


17 17 


10 - 
16 10 
10 


13 
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TABLE 2 (cont’d). Chlorinated hydrocarbon and mercury concentrations in young-of-the-year 
ichthyofauna, South Carolina and Georgia—1972-74 





WHOLE-BODY WET WEIGHT, 4iG/ KG 
COMMON NAME DIELDRIN DDT DDE 








SouTH SANTEE River, S.C. 
Fall 1972 Spot 16 





Fall 1972 Silver perch 14 
Spring 1973 Spot _ 
Spring 1973 Silver perch 

Fall 1973 Spot 

Fall 1973 Silver perch 

Spring 1974 Spot 


Spring 1974 Silver perch 





CHARLESTON Harsor, S.C. 
Fall 1972 Silver perch 19 21 





20 
Fall 1972 Star drum 


Spring 1973 Silver perch sample not available 
14 — 


12 — 


Spring 1973 Star drum 
Fall 1973 Silver perch 
Fall 1973 Star drum 


Spring 1974 Silver perch sample not available 


Spring 1974 Star drum 13 10 





SouTH Episto River, S.C. 





Fall 1972 Star drum — 
Fall 1972 Silver perch 

Spring 1973 Star drum 

Spring 1973 Silver perch 

Fall 1973 Star drum 

Fall 1973 Silver perch 

Spring 1974 Star drum 

Spring 1974 Silver perch 


Kio St. HELENA Sounp, S.C. 
Fall 1972 Star drum 








Fall 1972 Weakfish 


Spring 1973 Star drum _ 
Spring 1973 Weakfish 

Fall 1973 Star drum 

Fall 1973 Weakfish 

Spring 1974 Star drum 


Spring 1974 Weakfish 





Port Roya Sounp, S.C. 





Fall 1972 Silver perch 
Fall 1972 Star drum 


Spring 1973 Silver perch 
Spring 1973 Star drum 
Fall 1973 Silver perch 
Fall 1973 Star drum 
Spring 1974 Silver perch 
Spring 1974 Star drum 


629 
143 
48 


<20 
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TABLE 2 (cont'd). Chlorinated hydrocarbon and mercury concentrations in young-of-the-year 


ichthyofauna, South Carolina and Georgia—1972-74 





WHOLE-BODY WET WEIGHT, G/KG 
COMMON NAME DIELDRIN DDT DDE 





MERCURY 





SAVANNAH River, GA. 





Fall 1972 Spot — 
Fall 1972 Sea catfish 

Spring 1973 Blackcheek tonguefish 

Spring 1973 Atlantic croaker 

Fall 1973 Southern kingfish 

Fall 1973 Blackcheek tonguefish 

Spring 1974 Star drum 


Spring 1974 Atlan*’- croaker 





St. CATHERINES SOUND, Ga. 
Fall 1972 Weakfish 13 





Fall 1972 Sea catfish 


Spring 1973 Spot _ 
Spring 1973 Fringed flounder 

Fall 1973 Southern kingfish 

Spring 1974 Bay anchovy 


Spring 1974 Weakfish 





ALTAMAHA SOunpD, Ga. 
Fall 1972 Sea catfish 





Fall 1972 Star drum 

Spring 1973 Atlantic croaker 
Spring 1973 Star drum 

Fall 1973 Blackcheek tonguefish 
Fall 1973 Southern kingfish 
Spring 1974 Atlantic menhaden 


Spring 1974 Atlantic croaker 





St. Simons Sounp, Ga. 
Fail 1972 





sample available 


Fall 1972 sample available 
Spring 1973 sample available 
Spring 1973 sample available 
Fall 1973 Star drum 


Fall 1973 Silver perch 


Spring 1974 Bay anchovy 
Spring 1974 Striped cusk-eel 





St. ANDREWS SounpD, Ga. 
Fall 1972 Star drum 22 
Fall 1972 Blackcheek tonguefish _ 
Spring 1973 Star drum 
Spring 1973 Atlantic menhaden 
Fall 1973 Star drum 
Fall 1973 Fringed flounder 
Spring 1974 Harvestfish 
Spring 1974 Bay anchovy 








NOTE: — = not detectable. 
1 Compound equivalent to Aroclor 1254. 
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Nationwide Residues of Organochlorines 
in Wings of Adult Mallards and Black Ducks, 1972-73 


Donald H. White ! and Robert G. Heath 2 


ABSTRACT 


Organochlorine residues in wings of adult mallards and 
black ducks were monitored during the 1972-73 hunting 
season. DDE, DDT, DDD, dieldrin, and polychlorinated 
biphenyls (PCB's) were present in all samples. Mallard 
wines from Alabama contained the highest mean levels of 
DDE, DDT, DDD, dieldrin, and PCB’s. Mallards and black 
ducks from the Atlantic Flyway and mallards from the 
Pacific Flyway contained significantly lower DDE residues 
than in 1969-70. Black ducks from the Atlantic Flyway 
contained significantly less dieldrin than in 1969-70, and 
mallards in the Central and Pacific Flyways contained sig- 
nificantly lower levels of PCB’s. As in 1969-70, DDE resi- 
dues were lowest in the Central Flyway and highest in the 
Atlantic Flyway. The average PCB level remained un- 
changed in the Atlantic Flyway but was higher in the 
Mississippi Flyway than in 1969-70, probably because of 
the unusually high levels in Alabama samples. All organo- 
chlorine residues in black ducks from the Atlantic Flyway 
significantly correlated. DDE concentrations in mallards 
from. the Atlantic Flyway significantly correlated with those 
of DDT, DDD, and PCB’s. 


Introduction 


Use of technical DDT as a control agent for insect pests 
in the United States began in the 1940’s. Domestic use 
exceeded 55 million pounds in 1950 and reached a 
maximum of more than 75 million pounds in 1959. 
Usage gradually declined to a low of 13 million pounds 
in 1971, but increased in 1972 to 23.5 million pounds 
(1,2). In the environment, DDT breaks down to many 
different metabolites. DDE is by far the most persistent 
of these and occurs most frequently in nature (3). It is 
conceivable, then, that a decline in usage of technical 
DDT would be reflected in a decline of residues of 
DDT and its metabolites in waterfowl tissues. Longcore 


1Fish and Wildlife Service, U.S. Department of Interior, Patuxent 
Wildlife Research Center, Laurel, Md. 20811. 


2 Technical Services Division, Office of Pesticide Programs, U.S. En- 
vironmental Protection Agency, Washington, D.C. 
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and Mulhern (4) found lowered levels of DDE in 
black ducks eggs between 1964 and 1971. 


The Fish and Wildlife Service, U.S. Departmert of 
Interior, began nationwide monitoring of organochlorine 
pesticides in waterfowl wings in 1965-66 as part of the 
National Pesticides Monitoring Program. Samples were 
taken again in 1966-67 and were scheduled for every 
third year thereafter to detect trends in residue levels. 
Wings of adult mallards (Anas platyrhynchos) and 
black ducks (Anas rubripes) are sampled because their 
combined range covers the continental United States. 
Overall objectives and procedures have been discussed 
in earlier papers (5-8). 


This paper presents results for the 1972-73 hunting 
season. Authors have included mean residue levels for 
each State, a comparison of State residues in the four 
sampling periods since 1965, a comparison of flyway 
residues in 1969-70 and 1972-73, and correlations of 
residues in mallards and black ducks in the Atlantic 
Flyway. 


Collection Methods 


Cooperating hunters mailed wings of approximately 
5,400 adult mallards and black ducks to a collection 
station within each flyway where wings were classified 
according to age and sex, and grouped according to 
State. Wings from each State were then sorted system- 
atically into pools of 25 wings. Pools from each State 
were selected randomly for chemical analysis; the num- 
ber taken was roughly proportional to each State’s 
harvest. Pools were given a code number, placed in 
individually tagged plastic bags, and shipped in dry ice 
to WARF Institute, Inc., Madison, Wis. Wings were 
kept frozen in storage until chemical analyses were per- 
formed. A total of 237 pools were analyzed for organo- 
chlorine residues. 
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Analytical Procedures 


Prior to analysis, feathers were trimmed and the wings 
from each pooi were ground together by hand in a 
meat grinder. A 40-g aliquot was weighed into a 260-ml 
beaker and placed in a 40°C oven for 190 hours. After 
drying, the sample was reweighed and the dry weight 
was recorded. The sample was ground with approxi- 
mately 30 g Na,SO,, placed in a 43-by-123-mm What- 
man extraction thimble, and extracted for 8 hours in 
a Soxhlet with 105 ml ethyl ether and 255 ml petroleum 
ether. The solvent was evaporated to 5-10 ml on a 
steam bath and diluted to 50 ml with petroleum ether. 


A 10-ml aliquot of the sample was placed on a pre- 
viously standardized florisil column and eluted with 
260 ml of 20 percent ethyl ether in petroleum ether. 
This solution was evaporated to 5-10 ml, placed on 
florisil, and eluted with 150 ml of 3 percent ethyl ether 
in petroleum ether, followed by 260 ml of 15 percent 
ethyl ether in petroleum ether. After florisil cleanup the 
resulting eluates were evaporated separately on a steam 


bath to 5-10 ml and each was diluted to 25 ml with 
hexane. 


The first elution from the florisil was injected into the 
gas chromatograph to identify BHC, HCB, and lindane, 
and to approximate the amount of polychlorinated bi- 
phenyl (PCB) intereference preseni. An aliquot of this 
solution containing up to 5 ng DDE and 20 yg PCB's 
was run through a silicic acid/celite column according 


to the method of Armour and Burke for separating 
PCB’s from DDT and its analogs (9). Each resulting 


solution was 
quantified. 


chromatographed and residues were 


Identifications were made by injecting up to 10 ul of 
the sample solutions into a Barber-Coleman model 5360 
pesticide analyzer. The column was glass, 1219 mm by 
4 inm, and packed with 5 percent DC-200 80/100 mesh 
Gas-Chrom Q. Temperatures were: column, 205°C; in- 
jector, 225°C; and detector, 245°C. The carrier gas 
was nitrogen at a flow rate of 80 ml/min. Residues in 
5 percent of the samples were confirmed by mass 
spectrometry. 


All residues are expressed as ppm wet weight. They 
may be converted to approximate dry or lipid weight 
by dividing by 0.60 or 0.13, the mean proportions of 
dry and lipid material in the samples, respectively. 
Limits of sensitivity were 0.005 ppm for organochlorine 
pesticides and 0.01 ppm for PCB’s. Recovery percent- 
ages from spiked samples were: DDE, 80; DDT, 94; 
DDD, 88; dieldrin, 82; and PCB’s, 78. Analytical re- 
sults have not been corrected for recovery. 


Results and Discussion 


Table 1 lists the means, standard errors, and ranges of 
organochlorine residues in wing pools from the 1972-73 
and 1969-70 hunting seasons, and the combined residues 
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for the 1965-66 and 1966-67 hunting seasons. Data are 
arranged by State and major flyway. Waterfowl are 
highly mobile species and may cover a wide range of 
habitats in many States. Therefore, interpretations 
should not be made on strictly statewide bases. Residue 
levels are not indicative of year-round levels because 
collections were made only in the fall and winter 
months. DDT and DDD residues were not reported for 


the 1965 and 1966 seasons because of possible PCB 
interference. 


DDE, DDT, and PCB’s were present in all wing pools 
at levels equal to or exceeding limits of analytical sensi- 
tivity. DDD and dieldrin were present in at least trace 
amounts in all samples. DDE residues in individual 
pools of mallard wings ranged from a low of 0.04 ppm 
in eastern Wyoming to a high of 4.12 ppm in Alabama; 
DDE residues in pools of black duck wings ranged 
from a low of 0.07 ppm in New Hampshire to a high of 
1.60 ppm in New Jersey. The State with the lowest 
mean value for DDE was Wyoming (0.06 ppm); Ala- 
bama had the highest (1.85 ppm). Levels of PCB’s 
ranged from 0.02 ppm in a pool from Texas to 7.73 
ppm in a pool from Alabama. The lowest mean value 
for PCB’s was 0.04 ppm in Nebraska and western 
Wyoming; the highest was 6.34 ppm in Alabama. Resi- 
dues of DDD and dieldrin seldom exceeded 0.05 ppm 
in individual pools. State means for these two com- 
pounds averaged 0.01-0.02 ppm. 


Heptachlor epoxide, HCB, and BHC were present in 
all samples in at least trace amounts. Because residues 
of these three chemicals rarely exceeded 0.02 ppm, they 
were excluded from the tables. Lindane was present in 
trace amounts in approximately 75 percent of the 
samples. A few samples contained traces of alpha- and 
gamma-chlordane. 


Table 2 lists the mean residues and standard errors of 
samples of mallards and black ducks from the major 
flyways (Atlantic, Mississippi, Central, and Pacific) in 
the 1972 and 1969 hunting seasons. Statistical com- 
parisons were made to detect residue trends. Residues 
of DDE declined in both mallards and black ducks. 
The changes were highly significant statistically: 
p <0.01 or p<0.001. Residues of DDE declined by 
57 percent in mallards and 73 percent in black ducks in 
the Atlantic Flyway, and by 52 percent in mallards in 
the Pacific Flyway (Table 2). DDE residues in mailards 
from the Mississippi Flyway remained relatively un- 
changed during the sampling period. Residues appeared 
to be lower in the Central Flyway, but not significantly 
so. Flyway means for DDT and DDD showed no 
change over the 3-year period. The only exception was 
in the Pacific Flyway where DDT residues decreased 
by 73 percent, a significant change (p <0.01). Diel- 
drin residues declined in black ducks in the Atlantic 
Flyway by 86 percent, a significant change (p <0.01), 
but remained unchanged in mallards from all flyways. 
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SPECIES 


Black Duck 


Mallard 


Mallard 


Mallard 


Mallard 


TABLE 2. Mean residues of organochlorines in wing pools by major flyway, 1969 and 1972 





FLYWAY 


Atlantic 
Atlantic 


Mississippi 


Central 


Pacific 


Poots MEAN 


RESIDUES, PPM WET WEIGHT 





D 


DT 


DDD 


DIELDRIN 


PCB's 





No. STANDARD 


ERROR 


MEAN 


STANDARD 
ERROR 


MEAN 


STANDARD 
Error 


MEAN 


STANDARD 
ERROR 


MEAN 


STANDARD 
ERROR 





44 0.35! 
1.32 


0.043 
0.149 


0.07 
0.12 


0.009 
0.011 


0.02 
0.03 


0.003 
0.019 


0.022 
0.14 


0.004 
0.057 


1.36 
1.37 


0.149 
0.161 





0.442 
1.03 


0.069 
0.173 


0.08 
0.09 


0.011 
0.014 


0.06 
0.02 


0.050 
0.002 


0.02 
0.05 


0.003 
0.025 


1.24 
1.29 


0.230 
0.457 





0.37 
0.40 


0.072 
0.058 


0.18 
0.08 


0.057 
0.012 


(0.06) 
(0.05) 


0.02 
0.04 


0.001 
0.003 


0.66 


0.303 
0.061 





0.15 
0.30 


0.012 
0.098 


0.02 
0.03 


0.001 
0.009 


T 
sf 


(0.02) 
0.02 


0.006 


0.013 
0.039 





0.34) 
51 0.71 


0.043 
0.054 


0.031 
0.11 


0.003 
0.012 


(0.01) 


0.009 


0.02 0.005 0.014 





NOTE: T = mean residue below limit of quantification 
t = trace residue below limit of quantification 


— = not applicable 


Parenthesized values are approximations involving trace residues. 


' Flyway means for the 2 years significantly different: p < 0.001. 
2 Flyway means for the 2 years significantly different: p < 0.01. 
3 Flyway means for the 2 years significantly different: p < 0.05. 


As reported in the 1969 survey (8), PCB residues 
showed pronounced geographical differences: levels 
were highest in the Atlantic Flyway and diminished 
westward. PCB levels in mallards declined by 50 percent 
in the Central Flyway and by 45 percent in the Pacific 
Flyway (p <0.01) but not in the Atlantic or Mississippi 
Flyways. In fact, PCB levels in the Mississippi Flyway 
increased somewhat, but the increase was insignificant, 
probably because of the high variability in 1972 results. 
Correlation of organochlorine residues among wild bird 
tissues, already well documented (/0,//), is further illus- 
trated by data in the present study. Regression analyses 
indicate highly significant correlations (p <0.01) among 
all residues in Atlantic Flyway black ducks (Table 3). 
In Atlantic Flyway mallards, however, DDE correlated 
significantly with residues of all pesticides except diel- 


TABLE 3. Correlation among residues in Atlantic Flyway 
black ducks and mallards, 1972-73 
PRODUCT-MOMENT CORRELATION COEFFICIENTS 
DDE DDT DDD 


DIELDRIN 
Biack Ducks 


0.41402 
0.2895 = 
0.3803 ? 


DDE 0.77102 0.6890 2 

DDT 1 0.80192 
DDD 1 
Dieldrin 

PCB's 


MALLARDS 


DDE 0.6502 * 0.71292 
DDT 1 0.3558 0.1273 


DDD 1 0.3752 0.3064 
Dieldrin 1 0.1778 
PCB’s 1 


0.52742 
0.3236 


0.0265 


1 Residues were power transformed by the equation y = ax before 
regression analysis 


2p <0.01 
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drin. None of the other residues significantly correlated 
(Table 3). 


Conclusions 


Residues of DDE, DDT, dieldrin, and PCB’s in mallards 
and black ducks have declined since 1969 in certain 
flyways, showing that duck wings can serve as indicators 
of environmental levels of organochlorines and thus 
provide information on residue trends over time. Geo- 
graphical differences in levels of contamination also 
were detected. 
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GENERAL 


Seasonal Concentrations of Dieldrin in Water, Channel Catfish, 
and Catfish-Food Organisms, Des Moines River, lowa—1971-73 ' 


R. L. Kellogg 2 and R. V. Bulkley 2 


ABSTRACT 


Concentrations of dieldrin in aquatic insects, crayfish, min- 
nows, and small carpsuckers, and muscle tissue of channel 
catfish (Ictalurus punctatus) were compared with the diel- 
drin content of Des Moines River water in 1971-73. 
Monthly mean concentrations of dieldrin in river water and 
most aquatic organisms were highest in June and July, soon 
after aldrin had been applied to corn land in the watershed. 
Several groups of aquatic organisms also exhibited high 
dieldrin levels in the fall when the dieldrin content of river 
water was seasonaily low. The influence of temperature on 
metabolic rate and enzyme activity and the differences in 
body fat content were suggested as probable causes of varia- 
tions observed in the dieldrin content of aquatic organisms. 


Introduction 


Chlorinated hydrocarbon insecticides have been used on 
midwestern farmland for many years. Most uses of these 
substances including DDT and clordane were discon- 
tinued in the late 1960’s but aldrin was used widely 
against soil insects as late as 1974. Between 1961 and 
1965, aldrin was applied in Iowa at the rate of 5-6.5 
million pounds/year for control of western corn root- 
worm. As rootworms became more resistant to aldrin, 
usage against rootworms and other soil insects decreased 
to 2 million pounds annually between 1968 and 1973 
(Harold Stockdale, 1973, Extension Entomologist, De- 
partment of Entomology, Iowa State University, Ames, 
Iowa: personal communication). 


Use of aldrin and other pesticides has contributed sig- 
nificantly to the production of record corn crops. Morris 


‘Journal Paper No. J-8215, Project No. 1928, Iowa Agriculture and 
Home Economics Experiment Station, Ames, Iowa. Financed by grant 
from Office of Water Resources Research, U.S. Department of In- 
terior (Agreements 14-31-0001-3515, -3815, -4015) under Public Law 
88-379. Made available through Iowa State Water Resources Research 
Institute to the Iowa Cooperative Fishery Research Unit, which is 
sponsored by the Iowa State Conservation Commission, Iowa State 
University of Science and Technology, and the Fish and Wildlife 
Service, U.S. Department of Interior. 

*TIowa Cooperative Fishery Research Unit, Iowa State University, 
Ames, Iowa 50011. 
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and Ebert (/), however, reported that aldrin applied to 
row crops in Iowa was appearing in the form of high 
concentrations of dieldrin, the initial oxidation product 
of aldrin, in edible tissue of channel catfish (/ctalurus 
punctatus) in rivers draining cropland. Morris and 
Johnson (2) found that dieldrin concentrations in some 
large catfish collected from several Iowa rivers exceeded 
300 ppb, the level in human food permitted by the 
Food and Drug Administration, U.S. Department of 
Health, Education, and Welfare. Concentrations were 
as high as 1,600 ppb in muscle tissue: this represents 
more than five times the allowable level. Inasmuch as 
the channel catfish is an important game fish in Iowa, 
contamination of this species with dieldrin could serious- 
ly affect the sport and commercial fisheries of the 
State. 


From 1971 to 1973, authors attempted to obtain more 
information on dieldrin concentrations in channel cat- 
fish. The portion of the study reported here covers 
seasonal variations of dieldrin levels in river water, vat- 
fish muscle tissue, and organisms important in the cat 
fish diet. 

The Des Moines River above Boone, Iowa, was selected 
as the study site because of its importance as a catfish 
angling stream, its similarity to many other Iowa rivers, 
and the extensive row-crop farmland in its watershed. 
The Des Moines, the largest river flowing through Iowa, 
arises in a glacial moraine in southwestern Minnesota 
and flows southeasterly across Iowa to the Mississippi 
River. The collection site in Boone County is about 426 
km upstream from the mouth of the river. At this point 
the river drains about 1.4 million ha. or 38 percent of 
the total drainage area of the basin (3). Nearly 80 
percent of the Des Moines River watershed is cropland, 
10-15 percent is permanent pasture, and 5 percent is 
urban (4). 


The river basin has a temperate climate. The average 
yearly temperature of the Iowa portion of the basin 
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ranges from about 8° to 10°C from north to south 
(3). Annual precipitation over the dainage area aver- 
ages about 70 cm, ranging from 63 cm in the north to 
79 cm in the south. Precipitation is usually heaviest in 
May and June, a period when the river reaches its high 
levels each year. Frequently an early spring flood fol- 
lows thawing and fast runoff. Cloudbursts and heavy 
rains occasionally cause temporary flooding in summer 
and even in early fall. 


The river bottom is composed chiefly of sand and gravel 
but includes sand-silt, rubble, and boulders in limited 
areas. During times of low water levels many sand bars 
appear. Deep holes are present below the bars and at 
bends. The river has few connecting sloughs and back- 
waters except during high water. 


Methods 


SAMPLE COLLECTION AND ANALYSIS 


Authors collected 1-liter water samples monthly from 
May through October in 1971 and duplicate 1-liter 
water samples weekly from April 24 through June and 
twice monthly from July to October 15, 1972. A clean 
glass container was submerged about 300 mm below 
the surface of the water in a rapidly flowing section of 
the river to obtain the sample. The containers were then 
sealed with screw caps lined with Teflon or aluminum 
foil. Samples were shaken thoroughly and 750 ml was 
decanted off for single extraction with 60 ml of 15 
percent ethyl ether : hexane in 1971. A second extrac- 
tion with 60 ml hexane was performed on water samples 
in 1972 (5). Extracts were concentrated to 1 ml for 
quantitation. 


In 1973, triplicate 2-liter samples were collected twice 
weekly from April 21 through July and usually weekly 
from August 1 to November 16. Samples were filtered 
through pre-extracted No. 40 Whatman filter paper to 
separate dissolved fractions from suspended fractions. 
The dissolved fraction was extracted twice with 120 ml 
of 15 percent ethyl ether and hexane, followed by a 
third extraction with 150 ml hexane. Collection vessels 
were rinsed with a portion of the initial extraction 
solvent to remove pesticides adhering to the container 
walls. Extracts were combined and concentrated to 1 
ml for quantitation. Florisil cleanup (5) was employed 
when necessary. 


The suspended fraction retained on the filter paper was 
extracted with 300 ml acetonitrile in a Soxhlet extrac- 
tion assembly for 18 hours. The pesticide residues were 
partitioned into petroleum ether by adding 200 ml dis- 
tilled water to the acetonitrile and extracting three 60- 
ml portions of petroleum ether. The final extraction was 
followed by the addition of 1,200 ml distilled water. 
Petroleum ether extracts were combined and washed 
with distilled water to remove the remaining acetonitrile. 
Further cleanup on florisil columns was necessary. 
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Samples were concentrated to 1 ml for quantitation. 
Results were expressed as parts per trillion (pptr) for 
both dissolved and suspended fractions. 


Bottom sediment samples were collected monthly from 
July to November 1973. The top 15 mm of sediment 
was scooped from shallow, silty areas of the river 
bottom in an attempt to collect newly deposited mate- 
rial. Samples were passed through a No. 230 standard 
sieve with 63-1 openings and allowed to dry thoroughly 
at room temperature. Three 100-g aliquots were Soxhlet- 
extracted with 300 ml chloroform for 18 hours. Ex- 
tracts were concentrated to 2-3 ml and introduced onto 
a 6-by-90 mm Fisher coconut charcoal column with 15 
ml of 25 percent acetone and ethyl ether to remove 
polychlorinated biphenyl (PCB) interferences (6). 
Pesticide residues were eluted from the charcoal column 
with 90 ml of 25 percent acetone and ethyl ether leaving 
the PCB’s absorbed on the charcoal. This eluate was 
concentrated to 2-3 ml, introduced onto a florisil 
column, and eluted with 200 ml of 20 percent ethyl 
ether and petroleum ether. Samples were concentrated 
to 10 ml for quantitation. 


In 1972 authors collected mayfly naiads (Potamanthus 
sp.) from April 23 to July 10, and crayfish (Orconectes 
rusticus) from April 23 to October 15, by moving 
rocks in riffle areas and capturing the dislodged or- 
ganisms with a dip net. Potamanthus collections were 
pooled into three subsamples for each collection date. 
Individual analyses were run on O. rusticus. 


In 1973, aquatic insects, crayfish, minnows, and small 
carpsuckers (Carpiodes sp.) were collected from June 
to November. Early spring collections could not be 
taken because the river was flooded. Aquatic insects 
were collected in basket substrate samplers suspended 
from floats and by dislodging rocks in riffle areas. In- 
sects collected and grouped by taxon for pesticide 
analysis were: Acroneuria, Pteronarcys, Potamanthus, 
Isonychia, Ephoron, Corydalus, Heptageniidae, Chiro- 
nomidae, and Tricoptera. Because the faunal assemblage 
varied throughout the sampling period, it was not pos- 
sible to collect representatives from more than four of 
the groups at any one time in sufficient numbers for 
pesticide analysis. Orconectes rusticus, O. virilis, spot- 
fin shiners (Notropis spilopterus), sand shiners (N. 
stramineus), bluntnose minnows (Pimephales notatus), 
and young-of-the-year and yearling carpsuckers were 
collected regularly throughout the sampling period by 
seining. Collections were pooled by taxonomic groups, 
blotted dry, and weighed. Sample size of most aquatic 
insects ranged from 0.3 to 8.0 g. Samples ranged from 
4 to 50 g for Corydalus and Orconectes, and from 12 
to 82 g for minnows. Replicate samples were run when 
sample size was adequate. Tissue samples were analyzed 
according to the procedures in the Pesticide Analytical 
Manual of the U.S. Department of Health, Education, 
and Welfare (7). The extraction procedure was slightly 
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modified when a double petroleum ether extraction was 
made during the partitioning phase. 


Extracts were concentrated and eluted in the same man- 
ner as the sediment extracts. Samples were concentrated 
to 1-10 ml for quantitation. 


In 1971, authors collected channel catfish monthly from 
April through October in hoop nets and by electro- 
shocking. Total length was measured at capture. Fish 
were then wrapped in aluminum foil and frozen until 
analysis. Dorsal muscle tissue of catfish 300-399 mm 
long and of all catfish taken in June was analyzed indi- 
vidually (7). Catfish 200-299 mm long, which were 
collected during months other than June, were pooled 
on each collection date for a single analysis. 


In 1973, channel catfish were collected monthly from 
June to September. Spring and fall flooding prevented 
further sampling. Specimens were grouped for pesticide 
analysis in four lengths: 150-199 mm, 200-299 mm, 
300-399 mm, and 450-550 mm. Muscle tissue from 4 
to 15 catfish in each length group was pooled into three 
subsamples for each collection day. Small numbers of 
450-550-mm catfish occasionally were analyzed indi- 
vidually. Samples were extracted and cleaned on char- 
coal and florisil columns as previously described for 
crayfish and small fish. 


QUANTITATION 
A Beckman GC-5 gas chromatograph equipped with a 


discharge electron-capture detector was employed for 
the quantitation of all samples. Quantitation was accom- 
plished on a 5 percent OV-210 column at 180°C and 
a 1.5 percent OV-17/QF-1 column at 200°C. Helium 


flow was about 100 mm/min and attenuation was 
210°". A 4 percent SE-3/6/QF-1 column with a gas 
flow rate of 120 mm/min, a temperature of 200°C, 
and an attenuation of 210*"* was used as a qualitative 
check. Confirmation was made by comparing retention 
time of the samples to that of a dieldrin standard filtered 
through two chromatographic columns of different 
polarity. 


Background levels of 8.4 ng (standard deviation: 0.8 
ng) of what seemed to be dieldrin were measured from 
a series of blanks in 1973. This contamination was 
usually less than 1 percent for crayfish and fish samples 
weighing more than 10 g. Background dieldrin levels 
for aquatic insect samples, however, varied from 2 to 
27 percent because very little tissue was available for 
analysis. The reported dieldrin concentrations in aquatic 
insects were corrected for this contamination. Pesticides 
in all organisms were expressed on a wet-weight basis. 
RECOVERY 

Channel catfish were exposed to 10 ppb '‘C-dieldrin in 
360 liters of water for 6 hours. A 519 ppb (standard 
deviation: 31 ppb) stock mesh and a 53.6 ppb (stand- 
ard deviation: 2.8 ppb) stock mesh were prepared by 
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homogenizing muscle tissue of the exposed catfish with 
portions of cold tissue in a Waring blendor. Stock mesh 
dieldrin levels were determined by directly counting 
tissue samples. Three replicates of four dieldrin levels 
(5190.0, 1072.0, 107.0, and 53.6 ng) were prepared 
by varying sample sizes from the two stock meshes in 
order to cover the range of dieldrin levels encountered 
in the survey. These samples were extracted and cleaned 
according to the method of analysis employed through- 
out the investigation. Aliquots of these extracts were 
removed to scintillation vials with 15 ml BBOT scin- 
tillation cocktail for counting on a Packard Tri-Carb 
scintillation counter. Quenching was corrected by in- 
ternal standardization. Recovery of dieldrin from cat- 
fish muscle tissue averaged 86 percent and ranged from 
78 to 99 percent. Results were not corrected for percent 
recovery. 


Results 


Dieldrin concentrations in Des Moines River water and 
suspended sediment ranged from 10 to 50 pptr in 1971, 
from less than 10 to 40 pptr in 1972, and from 1 to 31 
pptr in 1973. Variation within and among years was 
significant (Fig. 1). Average dieldrin concentrations 
from May to September decreased from 32 pptr in 1971 
to less than 15 pptr in 1972 and to 8 pptr in 1973 
(Table 1). Wide variations in stream flow and suspend- 
ed sediment load also occurred during the 3-year period. 
Flow during the study period was about normal in 1971, 
higher in 1972, and at record highs in 1973. Because 
concentrations might vary directly or inversely with 
flow, authors calculated the actual amount of dieldrin 
being transported past the study site. Comparisons of 
dieldrin concentrations were most reliable on an annual 
basis for 1971 and 1973 and for June and July of all 
3 years. The average amount of dieldrin transported 
downstream per day was 174 g in 1971 but only 89 g 
in 1973. Concentrations and amounts of dieldrin trans- 
ported downstream decreased in June and July each 
year. 


Seasonal trends in dieldrin concentrations were also 
consistent from year to year: the dieldrin content was 
low in early spring, increased rapidly thereafter, and 
decreased in late summer (Fig. 1). Average concentra- 
tions were highest in June and July. When mean 
monthly concentrations for the 3 years combined were 
plotted to reveal general trends more clearly, the rela- 
tively high concentrations during June and July were 
very evident (Fig. 2). 


This seasonal trend in dieldrin levels was evaluated in 
light of occurrences in the watershed. Most Iowa farm- 
land is plowed in late fall so that the land is clear of 
vegetation in early spring when final preparations, in- 
cluding the application of aldrin, are made for planting. 
Heavy rains during the spring sometimes deposit huge 
quantities of soil in the streams. For example, a storm 
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on the watershed caused increased river flow and heavy 
sediment discharge from May 30 to June 2, 1973, On 
May 31, 19,233 metric tons of suspended sediment were 
carried downriver past the Saylorville, Iowa, gaging 
station located below the study site (8). On June 2, 
when water samples were collected for analysis, stream 
flow was 320 m*/sec; sediment load was 12,973 metric 
tons. A total of 858 g of dieldrin was transported 
downstream that day. This calculation was based on an 


FIGURE 1. Total dieldrin concentration, unfiltered Des Moines River water, lowa—197 1-73 


average of 19 pptr (61 percent) sorbed on the sus- 
pended sediment and 12 pptr dieldrin in filtered water 
samples. The source of this sediment was unknown, but 
Glymph (9), who examined data on small watersheds 
in four Iowa counties, reported that 56-100 percent of 
the sediment in streams came from sheet erosion off the 
land. Huang and Liao (J0) and Huang (//,/2) illus- 
trated the high affinity of different types of clay particles 
for dieldrin. Thus, the sorbed pesticide can be carried 


TABLE 1. Mean monthly concentrations of dissolved and suspended dieldrin, mean daily stream flow, and calculated dieldrin 


transport, Des Moines River, lowa—May-September, 1971-73 





No. 
SAMPLING DAYS 


MEAN DIELDRIN 
CONCENTRATION, PPTR 


MEAN DAILY 
STREAM FLOW, M*/ SEC ! 


CALCULATED DIELDRIN 
TRANSPORT, G/DAY 





MONTH 1972 


1973. —«1971 1972 


1973 1971 1972 1973 1971 1972 1973 





May 7 10 <10 


June 50 24 
July . 40 23 
August 30 <10 
September 30 <10 


32 <15 


66.1 137.9 244.6 572 <119 169 
110.9 116.4 175.1 479 151 
97.9 83.6 92.5 338 96 
14.7 114.9 26.4 38 14 
a7 42.3 44.2 15 15 
59.1 99.0 116.6 174 89 





1 See Literature Cited, references 8, 19, and 20. 
210 pptr x 10-'? « 66.1 m*® x 10° & 86,400 sec = 57 g/day. 
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FIGURE 2. Timing of corn planting and aldrin application in relation to monthly mean dieldrin concentrations, Des Moines 


River water, lowa—197 1-73 


with the soil into river systems by storm runoff. The 
amount of pesticide transported during any one storm 
depends on variables such as duration of storm runoff, 
antecedent soil/moisture conditions, rainfall intensity, 
and the source of runoff in the watershed (1/3). 


Corn was planted progressively later in each of the 3 
study years because of adverse weather and heavy rain- 
fall in the spring of 1972 and 1973. About 95 percent 
of the corn was planted by May 24 in 1971, and by 
May 28 in 1972, but not until after June 4 in 1973 
(14,15). For 3 years corn planting and aldrin applica- 
tion were essentially completed by the first week in 
June. In June and July mean dieldrin concentrations in 
river water were at their peak. Although authors did 
not determine the source of the dieldrin in river water, 
these relations support the premise of Johnson and 
Morris (/6) that dieldrin in Iowa rivers and streams 
originates mainly from agricultural application of aldrin 
through surface runoff from cultivated areas. 


Authors examined the relative amounts of dieldrin in 
the suspended dissolved fractions of water samples col- 
lected in 1973. Suspended dieldrin, extracted primarily 
from soil particles and secondarily from plankton, 
ranged from less than 1 pptr to 19 pptr, which was 3-67 
percent of the total dieldrin measured in water samples 
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on a given day (Fig. 3). An average of about two- 
thirds the total dieldrin measured was dissolved; con- 
centrations ranged from 1 to 16 pptr. A significant 
correlation between amounts of suspended and dissolved 
dieldrin was evident (r = 0.47; p = 0.01), which indi- 
cated that both values followed the same seasonal trend. 
Volume of stream flow and concentration of dissolved 
dieldrin significantly correlated (r = 0.55; p = 0.01), 
but stream flow and concentration of suspended dieldrin 
did not correlate. Levels of suspended dieldrin were 
highest in late May and early June, when sediment was 
most likely coming from agricultural land rather than 
from sloughing of the stream bank. 


Dieldrin concentrations in bottom-sediment samples 
averaged 4 ppb in July, 2.4 ppb in August, and less 
than 0.1 ppb in September and November. September 
and November samples may have been comprised 
largely of material scoured from the banks, resulting in 
the low dieldrin levels. 


Dieldrin content in mayflies of the genus Potamanthus 
exhibited marked seasonal trends in 1972. Concentra- 
tions increased from 44 ppb in April and May to 115 
ppb in June, and decreased to 48 ppb in July (Fig. 4). 
Emergence of the adult mayflies in late July prevented 
further sampling. This spring trend of dieldrin content 


PESTICIDES MONITORING JOURNAL 














DIELDRIN CONCENTRATIONS, pptr 














fe | 


e TOTAL 
o SUSPENDED 


! 








APRIL 


MAY JUNE 





JULY AUG. 


SEPT. OCT. NOV. 





FIGURE 3. Mean concentrations of total and suspended dieldrin, Des Moines River water, lowa—1973 


of Potamanthus in 1972 was not observed in 1973 
because collecting did not begin until June. Neverthe- 
less, sharp decreases in dieldrin residues in this genus 
were noted from June to July in both years. A decrease 
in June levels from 115 ppb in 1972 and 61 ppb in 
1973 also corresponded to the drop in dieldrin concen- 
trations in June water samples between the 2 years. 


In 1973, dieldrin concentrations in aquatic insects 
ranged from 10 to 98 ppb and were similar among 
the insect groups in any single month (Table 2). The 
mean dieldrin concentration in all insects for the 6- 
month period was 35 ppb. A significant seasonal trend 
was observed; concentrations decreased from 66 ppb in 
June to 15 ppb in September and then increased sharply 
to 63 ppb in late October. 


Dieldrin content of crayfish in both 1972 and 1973 was 
much lower than that of aquatic insects; the mean con- 
centration was 9 ppb in 1972 and 6 ppb in 1973 (Table 
3). In 1972 no seasonal trend was evident but in 1973 
there was a marked seasonal decrease from 13 ppb in 
June to 4 ppb in July and 2 ppb in September. 
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TABLE 2. Mean dieldrin concentrations in aquatic insect 
groups, Des Moines River, lowa—1973 








CONCENTRATION, PPB 





JUNE JULY JULY AUG. SEPT. 
ORGANISM 17 8 25 15 22 





Acroneuria 
Small 11 19 
Large 27 15 

Pteronarcys 13 


Potamanthus —_— 
Isonychia 
Ephoorn 
Heptageniidae 
Tricoptera 
Corydalus 
35-55 mm sed 
65-75 mm a 


Chironomidae —_— 


MEAN 29 





NOTE: — = no sample taken 
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FIGURE 4. Mean dieldrin concentrations in mayflies of 
genus Potamanthus Des Moines River, lowa—1972 


TABLE 3. Monthly mean dieldrin concentrations in crayfish 
(Orconectes), Des Moines River, lowa—1972-73 


1973 





MONTH ! SPECIMENS DIELDRIN, PPB SPECIMENS DIELDRIN, PPB 
April 14 

June 1 

July 

August 

September 

October 


MEAN 


NOTE: — no samples taken 
1 No samples were collected in May. 





Dieldrin concentration in minnows and small carpsuck- 
ers collected in 1973 averaged 48 ppb for all samples 
combined; the range in individual samples was 5-160 
ppb. Seasonal trends were similar to trends observed in 
aquatic insects (Fig. 5). Dieldrin concentrations and 
seasona! trends differed significantly, however, among 
the four groups of forage fish (F = 22.4 and 4.9; p = 
0.01). The spotfin shiner contained the highest dieldrin 
residues throughout the entire sampling period except 
August; mean dieldrin concentrations in this species 
were 156 ppb in June, 25 ppb in August, and 61 ppb 
in November. The sand shiner and bluntnose minnow 
contained somewhat lower dieldrin concentrations; 
averages in June were 101 ppb and 66 ppb, respectively. 
Seasonal trends in the two species were similar to those 
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in the spotfin shiner. However, the decrease in concen- 
tration from June to August was much less in the 
bluntnose minnow than in the spotfin and sand shiners. 
Small carpsuckers contained the lowest dieldrin con- 
centrations among the forage fish collected; the mean 
June level was 16 ppb. The seasonal trend of concen- 
trations differed from that in the minnows: concentra- 
tions decreased slightly from June to July and then 
increased steadily to a high of 42 ppb in November. 


In 1971, authors investigated seasonal trends in dieldrin 
content of muscle tissue of channel catfish collected 
from April to October. In June, the average dieldrin 
content of 32 fish 155-602 mm long was 89 ppb (range: 
2-940 ppb). The mean concentration in 105 fish col- 
lected from April to October was 60 ppb. Among fish 
200-299 mm long (Table 4), mean monthly concentra- 
tions were higher in July (61 ppb) than in any month 
except October (74 ppb). Monthly means in fish 300- 
399 mm long ranged from 109 ppb in July to 5 ppb 
in October. Differences in monthly means were sta- 
tistically significant in this length group (p = 0.05). 
Concentrations in individual fish ranged from 0 to 207 
ppb. Differences between monthly samples in the 200- 
299-mm group could not be tested statistically because 
fish were pooled for chemical analysis rather than 
analyzed individually. Mean concentrations in this 
length group could be compared on a monthly basis 
with concentrations in the 300-399-mm group. Mean 
monthly concentrations in the smaller fish fell within 
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FIGURE 5. Mean dieldrin concentrations in four groups of 
small fish, Des Moines River, lowa—1973 
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TABLE 4. Dieldrin content of channel catfish, Des Moines 
River, lowa—1971 





No. CONCENTRATION, 
FISH PPB? 





FisH LENGTH: 200-299 MM 





April 15 
May 

June 

July 

August 

September 

October 


TOTAL/ MEAN 





Fish LENGTH: 300-399 MM 





April 71 (18) 


May 27 (9) 
June 39 (13) 
July 109 (19) 
August 9 (4) 
September 70 (24) 
October 5 (1) 


TOTAL/ MEAN 47 





' Standard errors for fish analyzed individually are in parentheses. 


the 95 percent confidence limits for the 300-399-mm 
group in May, June, and September and outside these 
limits in the other months (Table 4). Confidence limits 
greater than twice the monthly mean indicated the large 
variation in dieldrin content in muscle tissue of catfish 
of similar size. 


In 1973, muscle of channel catfish collected from June 
to September contained 10-172 ppb dieldrin; the mean 
for all fish analyzed was 45 ppb (Table 5). Although 


TABLE 5. Monthly mean dieldrin concentration in muscle 
tissue of channel catfish, Des Moines River, lowa—1973 


LENGTH 
Group, 


DIE! DRIN CONCENTRATION, PPB 
MM JUNE 


JULY AuGuST SEPTEMBER MEAN 
14(12) 13(12) 
22(12) 75(12) 13312) 113(12) 86 
300-399 25(9) 72(4) 40(9) 26(12) 41 
450-550 20(9) 60(4) 49(5) 36(4) 41 


150-199 15(9) 
200-299 


12(15) 13 


MEAN 20(39) =54(32) 58(38) 48(43) 45 


NOTE: Values in parentheses represent number of fish sampled. 


dieldrin concentrations among length groups were not 
significantly different in the Juice sample, they were 
significantly different over the full sampling period (F = 
4.2; p = 0.01) (Fig. 6). Dieldrin content was lowest in 
the 150-199-mm length group (mean: 13 ppb). This 
group had the lowest dieldrin levels from June through 
September. Dieldrin concentrations were highest in 
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FIGURE 6. Mean dieldrin concentrations in dorsal muscle 
of channel catfish, Des Moines River, lowa—1973 


muscle of 200-299-mm fish, which contained an average 
of 86 ppb. Monthly mean values increased from 22 ppb 
in June to 133 ppb in August, and then decreased 
slightly in September. The 300-399-mm and 450-550- 
mm length groups contained maximum concentrations 
of 72 ppb and 60 ppb in July; concentrations then 
decreased in August and September. 


Seasonal trends of dieldrin concentrations in muscle of 
200-299-mm and 300-399-mm catfish observed in 1973 
differed markedly from trends in 1971 (Tables 4, 5). 
Statistical evaluation of the differences in seasonal trends 
between the 2 years was not possible because of differ- 
ences in pooling samples, but some general comparisons 
could be made. Mean dieldrin concentrations increased 
from June to July in both length groups in 1971 and 
1973. Trends in dieldrin content during late summer and 
early fall varied considerably between the 2 years. 


Mean concentrations of dieldrin in catfish muscle from 
June to September 1971 were not significantly different 
from those of all other samples during the same months 
in 1973 nor from concentrations in the 200-299- and 
300-399-mm length groups, considered separately. 
Hence, even though dieldrin concentrations seemed to 
decrease in river water from 1971 to 1973, this de- 


193 





crease could not be detected in muscle tissue of channel 
catfish. 


Discussion 


Dieldrin concentrations varied seasonally in river water, 
aquatic invertebrates, minnows, and small carpsuckers, 
and in muscle tissue of all but one length group of 
channel catfish. Dieldrin content of water was highest 
immediately after aldrin application to the watershed. 
Mean dieldrin concentration in most aquatic organisms 
was highest in June and July, coincidental with high 
dieldrin levels in river water, although much variation 
and some exceptions were evident. In late summer and 
fall, increases in dieldrin content in insects, small fish, 
and some length groups of catfish coincided with re- 
duced concentrations in water. This absence of a con- 
sistent correlation throughout the season between diel- 
drin concentrations in the water and residues in aquatic 
Organisms is not unexpected since several environmental 
and physiological factors are involved in pesticide up- 
take and retention by animals (/7). Authors believe 
that seasonal changes in fat content (/8) and metabolic 
rate, caused by factors such as water temperature and 
reproductive activity, can alter the amount of certain 
pesticides stored in the body. Activity of detoxifying 
enzymes that degrade pesticides and thereby allow their 
elimination is also temperature-dependent, and thus 
could vary seasonally in effectiveness. 


This study demonstrated clearly the absence of a con- 
sistent relation throughout the season between dieldrin 
concentrations in catfish of different lengths. Contrary 
to common expectations, concentrations were not always 
greater in large catfish than in small ones. Physio- 
logical differences noted above may explain this phe- 
nomenon. 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue * 





ALDRIN 


BHC (BENZENE 
HEXACHLORIDE) 


CHLORDANE 


DDD 
DDE 


DIELDRIN 


ENDRIN 

HCB 

HEPTACHLOR EPOXIDE 
LINDANE 

MIREX 


PCB’S (POLYCHLORINATED 
BIPHENYLS 


TDE 
TOXAPHENE 


Not less than 95% of 1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo-exo-5 ,8-dimethanonaphthalene 


1,2,3,4,5,6-Hexachlorocyclohexane (mixture of isomers). Commercial product contains several isomers of which 
gamma is most active as an insecticide. 


1,2,3,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene. The technical product is a mixture of several 
compounds including heptachlor, chlordene, and two isomeric forms of chlordane. 


See TDE. 

Dichlorodiphenyl dichloro-ethylene (degradation product of DDT) 
p,p’-DDE: 1,1-Dichloro-2,2-bis(p-chlororhenyl) ethylene 

o,p’-DDE: 1,1-Dichloro-2-(o0-chloropheny]) -2-(p-chloropheny1) ethylene 
Main component (p,p’-DDT): a-Bis(p-chlorophenyl) 8,8,8-trichloroethane 
Other isomers are possible and some are present in the commercial product. 
o,p'-DDT: [1,1,1-Trichloro-2-(o0-chloropheny]) -2-(p-chlorophenyl) ethane] 


Not less than 85% of 1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-e xo-5 ,8-dimethano- 
naphthalene 


1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-endo-5 ,8-dimethanonaphthalene 
Hexachlorobenzene 

1,4,5,6,7,8,8-Heptachloro ?,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindane 

Gamma isomer of benzene hexachloride 1,2,3,4,5,6-hexachlorocyclohexane of 99-++-% purity 
Dodecachlorooctahydro-1,3,4-metheno-2H-cyclobuta[cd]pentalene 


Mixtures of chlorinated biphenyl compounds having various percentages of chlorine 


2,2-Bis(p-chloropheny]) -1,1-dichloroethane 


Chlorinated camphene (67-69% chlorine). Product is a mixture of polychlor bicyclic terpenes with chlorinated 
camphenes predominating 


1 Does not include chemicals listed only in tables of paper by Johnson/ Manske. 
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SUBJECT AND AUTHOR INDEXES 
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Preface 


Primary headings in the subject index consist of pesti- 
cide compounds listed alphabetically by common name 
or trade name when there is no common name, the 
media in which residues are monitored, and several 
concept headings, as follows: 


Media and Concept Headings 


Air 

Degradation 

Factors Influencing Residues 

Food and Feed 

Humans 

Plants (other than those used for food and feed) 
Sediment 

Soil 
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Water 
Wildlife 


Compound headings are used as secondary headings 
under the primary media and concept headings and 
vice versa. When a particular paper discusses five or 
more organochlorines, the compounds are grouped by 
class under the media or concept headings; in the pri- 
mary headings, however, all compounds are listed indi- 
vidually. 


In the author index, the names of both senior and junior 
authors appear alphabetically. Full citation is given only 
under the senior author, with a reference to the senior 
author appearing under junior authors. 





Air 


Industrial 
PCP 
9(3) :150-153 


Aldrin 


Factors Influencing Residues 
9(1) 234-38 
Food and Feed 
9(2) :94-105 
9(4) : 157-169 
Sediment 
9(1) :34-38 
9(2) :89-93 
9(2):106-114 


9(1):30-33 
9(1) :34-38 
9(2):106-114 


9(1) :34-38 

9(2) :89-93 

9(2):106-114 

9(3):134-140 
Wildlife 

9(2) :89-93 

9(3):134-140 


Aroclor ® (see also PCB’s) 


Plants (other than those used for 
food and feed) 
9(1) :39-43 
Water 
9(1):2-10 
9(1) :39-43 
Wildlife 
9(1):2-10 
9(1) :39-43 


Arsenic 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 


Atrazine 


Water 
9(3):117-123 


BHC/Lindane 


TA Le 


ABA OHANISD IDA MUTESEL SB 


A) 


>» eed 


Factors Influencing Residues 

9(1) :34-38 

9(2) :94-105 
Food ~~d Feed 

9(2) :94-105 

9(4) : 157-169 
Sediment 

9(1) 234-38 

9(2) :106-114 
Soil 

9(1):34-38 

9(2):106-114 
Water 

9(1):34-38 

9(2):106-114 

9(3):134-140 
Wildlife 

9(3):134-140 


oo 


SUBJECT INDEX 


Botran & 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 


Cadmium 


Factors Influencing Residues 
9(2) :94-105 
9(4) :155-156 
Food and Feed 
9(2) :94-105 
9(4) 157-169 
Water 
9(4) : 155-156 
Wildlife 
9(4) 155-156 


Captan 
Factors Influencing Residues 
9(2) :94-105 
Food and Feed 
9(2) :94-105 


Carbaryl 
Factors 'nfluencing Residues 
9(2) :94-105 
Food and Feed 
9(2) :94-105 
9(4) :157-169 


Chlordane 


Factors Influencing Residues 

9(1) :34-38 
Food and Feed 

9(2) :94-105 

9(4) : 157-169 
Sediment 

9(1) :34-38 

9(2) : 106-114 
Soil 

9(1) :34-38 

9(2):106-114 
Water 

9(1) :34-38 

9(2) :106-114 

9(3) :134-140 

9(4) :170-175 
Wildlife 

9(3) :134-140 

9(4) :170-175 


CIPC 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) :157-169 


D 


2,4-D 
Food and Feed 
9(2) :94-105 
9(4) :157-169 
Dacthal,® see DCPA 
DCPA 


Food and Feed 
9(4) :157-169 


DDD (see also TDE) 


Factors Influencing Residues 
9(2) :79-88 
9(2) :89-93 
9(4) :155-156 
9(4) :176-185 
Sediment 
9(2) :89-93 
9(2) : 106-114 
Soil 
9(1) :30-33 
9(2) :106-114 
Water 
9(2) :89-93 
9(2) : 106-114 
9(3):134-140 
9(4): 155-156 
Wildlife 
9(1):11-14 
9(2) :79-88 
9(2) :89-93 
9(3):134-140 
9(4) :155-156 
9(4) :176-185 


DDE 


Factors Influencing Residues 
9(2) :64-66 
9(2) : 79-88 
9(2) :89-93 
9(2) :94-105 
9(3) :134-140 
9(4) : 155-156 
9(4):170-175 
9(4) :176-185 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 

Humans 
9(2) :64-66 


Plants (other than those used for 


food and feed) 
9(1) :39-43 
Sediment 
9(2) :89-93 
9(2): 106-114 
Soil 
9(1) :30-33 
9(2) : 106-114 


9(1):2-10 
9(1):21-29 
9(1) :39-43 
9(2) :89-93 
9(2): 106-114 
9(3) 2117-123 
9(3):134-140 
9(4):155-156 
9(4):170-175 
Wildlife 
9(1):2-10 
9(1):11-14 
9(1):21-29 
9(1) :39-43 
9(2) :79-88 
9(2) :89-93 
9(3) :134-140 
9(4) : 155-156 
9(4) 170-175 
9(4) :176-185 


DDT 


Factors Influencing Residues 
9(1) :34-38 
9(2) :64-66 
9(2):79-88 
9(2) :89-93 
9(2) :94-105 
9(4): 155-156 
9(4) :170-175 
9(4) :176-185 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 
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Humans 
9(1) :30-33 
9(2) :64-66 
Plants (other than those used for 
food and feed) 
9(1):39-43 
Sediment 
9(1) :34-38 
9(2) :89-93 
9(2):106-114 


9(1) :30-33 
9(1) 234-38 
9(2):106-114 
Water 
9(1):2-10 
9(1):21-29 
9(1) 234-38 
9(1) :39-43 
9(2) :89-93 
9(2):106-114 
9(3):134-140 
9(4) : 155-156 
9(4):170-175 
Wildlife 

9(1):1 
9(1):2-10 
9(1):11-14 
9(1):21-29 
9(1):30-33 
9(1) 239-43 
9(2):79-88 
9(2) :89-93 
9(3):134-140 
9(4):155-156 
9(4):170-175 
9(4):176-185 


Diazinon 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4):157-169 


Dicofol 


Factors Influencing Residues 
9(2):94-105 

Food and Feed 
9(2) :94-105 
9(4) :157-169 


Dieldrin 


Factors Influencing Residues 
9(1) 234-38 
9(2) :64-66 
9(2):79-88 
9(2) :89-93 
9(2) :94-105 
9(4):155-156 
9(4):170-175 
9(4):176-185 
9(4) : 186-194 
Food and Feed 
9(2) :94-105 
9(4) :157-169 
9(4) : 186-194 
Humans 
9(2) :64-66 
Plants (other than those used for 
food and feed) 
9(1) 239-43 
Sediment 
9(1) :34-38 
9(4) :89-93 
9(2):106-114 


9(1) :30-33 
9(1) :34-38 
9(2): 106-114 


9(1):2-10 
9(1) :34-38 
9(1) :39-43 
9(2) :89-93 
9(2) : 106-114 
9(3) 2117-123 
9(3) 2134-140 
9(4) :155-156 
9(4) :170-175 
9(4) : 186-194 
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Wildlife 
9(1):2-10 
9(1):11-14 
9(1) :39-43 
9(2) :79-88 
9(2) :89-93 
9(3) :134-140 
9(4):155-156 
9(4) :170-175 
9(4) :176-185 
9(4) : 186-194 


Dursban ® 


Food and Feed 
9(4) :157-169 


Endosulfan 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) :157-169 


Endrin 


Factors Influencing Residues 

9(1) :34-38 
Food and Feed 

9(2) :94-105 

9(4) : 157-169 
Sediment 

9(1) :34-38 

9(2) :89-93 

9(2):106-114 
Soil 

9(1) 234-38 

9(2):106-114 
Water 

9(1) :34-38 

9(2) :89-93 

9(2):106-114 

9(4) :170-175 
Wildlife 

9(2) :89-93 

9(4):170-175 


Ethion 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 


F 


Factors Influencing Residues 
Age 
cadmium 
:155-156 


:79-88 

2) :79-88 
79-88 

4) 2155-156 


759-63 
155-156 
organochlorines 
9(4):155-156 
Environmental, Geographical, and 
Locational 
general 
9(2) :94-105 
mercury 
9(1) 44-54 
9(2) :59-63 
9(2) :67-78 


organochlorines 
9(2) :89-93 
9(3):134-140 
9(4) :176-185 


9(3) : 150-153 
Seasonal and Temporal 
DDD 
9(2) :79-88 
DE 


9(2):79-88 
DT 


9(2):79-88 
dieldrin 

9(2) :79-88 

9(4) : 186-194 
mirex 

9(3) :124-133 

9(3):141-149 
organochlorines 

9(1) :34-38 

9(2) :89-93 


P 
9(3) :150-153 
Sex 
cadmium 
9(4) : 155-156 
D 


9(2) :79-88 


DE 
9(2) :79-88 
DT 


9(2):79-88 
lead 
9(4) : 155-156 
mercury 
9(2) :59-63 
9(4):155-156 
organochlorines 
9(4) : 155-156 
Species 
DDD 
9(2) :79-88 
DE 
9(2):79-88 
DT 


9(2) : 79-88 
mercury 

9(1) :44-54 

9(4):170-175 
organochlorines 

9(2) :89-93 

9(4):170-175 

Weight and Size 


Cc 
9(2) :64-66 
mercury 
9(1) 144-54 
Food and Feed 


Animal Food Organisms 
dieldrin 
9(4) :186-194 
Total Diet 
9(2) :94-105 
9(4) : 157-169 


H 


HCB 


Factors Influencing Residues 
9(2) :64-66 
9(4):155-156 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 

Humans 
9(2) :64-66 

Water 
9(4):155-156 

Wildlife 
9(1):11-14 
9(4) :155-156 
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Ase Abd be S bat 1 CRS 
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sctors Influencing Residues 
9(1) :34-38 

iment 
9(1) :34-38 
9(2) :89-93 
9(2):106-114 
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9(1):34-38 
9(2):106-114 


9(1):34-38 

9(2) :89-93 

9(2):106-114 

9(3):134-140 
dlife 

9(2) :89-93 

9(3):134-140 


AMbhss 


424/44 


JV) Be 


het th 


N 
Heptachlor Epoxide 
Factors Influencing Residues 
> -9(1):34-38 
. 9(2) :94-105 
> -9(3):134-140 
Fed and Feed 
9(2) :94-105 
9(4) :157-169 
iment 
9(1) 234-38 
9(2) :89-93 
9(2):106-114 


SX 
as 


iL : 
WIPED 1 ee Ae 


9(1):34-38 
9(2): 106-114 


£ 
a 


9(1):34-38 
9(2) :89-93 
9(2):106-114 
9(3):134-140 
dlife 
9(1):11-14 
9(2) :89-93 
9(3):134-140 


4A AIDE 


dy 
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i 


held, 
Me 4bd 


Hurdins 

~~ 

Brwd 

~ ®rganochlorines 

~S 91) 30-33 

~>cP 

=¥ (93): 150-153 
C3 mosomal Aberrations 
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9(3) :150-153 
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9(2) :64-66 


5 
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4447404844 


> 9(2):64-66 

Yieldrin 

S  9(2) :64-66 

tICB 

Y 9(2) :64-66 
Tissies 

mercury 

- 92) :59-63 
Urike 

PCP 
9(3):150-153 


K 


Kelthane®, see Dicofol 


L 


Lead 


Factors Influencing Residues 
9(4):155-156 
Food and Feed 
9(4) :157-169 
Water 
9(4) :155-156 
Wildlife 
9(4) :155-156 


200 


M 


Malathion 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 


Mercury 


Factors Influencing Residues 
9(1):44-54 
9(2) :59-63 
9(2) :67-78 
9(2) :94-105 
9(4) :155-156 
9(4):170-175 
Food and Feed 
9(2) 94-105 
9(4) :157-169 
Humans 
9(2) :59-63 
Plants (other than those used for 
food and feed) 
9(1) :39-43 
Sediment 
9(1):15-20 
9(1) :44-54 
Water 
9(1):15-20 
9(1) :39-43 
9(1) :44-54 
9(4):155-156 
9(4):170-175 
Wildlife 


SUh}: 
9(1): 
9(1): 
9(2): 
9(4): 
9(4): 


Methoxychlor 


15-20 
39-43 
44-54 
67-78 
155-156 
170-175 


Water 
9(1) :34-38 
Wildlife 
9(1):11-14 


O 


Orthopheny!Iphenol 
Food and Feed 
9(2) :94-105 
9(4) : 157-169 


Oxychlordane 
Wildlife 
9(1):11-14 


Parathion 
Food and Feed 
9(2) :94-105 
9(4) : 157-169 


PCA 
Food and Feed 
9(2) :94-105 
9(4):157-169 


PCB’s (see also Aroclor ®) 

Factors Influencing Residues 
9(2) :94-105 
9(3):134-140 
9(4) :155-156 
9(4):170-175 
9(4):176-185 

Food and Feed 


Factors Influencing Residues 

9(1):34-38 
Food and Feed 

9(2) :94-105 

9(4) :157-169 
Sediment 

9(1) 234-38 
Soil 

9(1) :34-38 
Water 

9(1) :34-38 


Methyl! Parathion 


Food and Feed 
9(2) :94-105 
9(4):157-169 


9(2): 
9(4): 
Water 
9(1): 
9(3): 
9(4): 
9(4): 
Wildlife 
9(1): 
9(1): 
9(3): 
9(4): 
9(4): 
9(4): 


PCNB 


94-105 
157-169 


21-29 

134-140 
155-156 
170-175 


11-14 
21-29 
134-140 
155-156 
170-175 
176-185 


Mirex 


Factors Influencing Residues 


9(3 
9(3): 
Sediment 


2124-133 


141-149 


2141-149 


7141-149 


2170-175 


Wildlife 
9(1): 
9(3): 
9(3): 
9(4): 


Nonachlor 


11-14 

124-133 
141-149 
170-175 


N 


Factors Influencing Residues 
9(1) 234-38 

Sediment 
9(1) :34-38 

Soil 
9(1) :34-38 


Food and Feed 
9(2) :94-105 
9(4):157-169 


PCP 
Air 
9(3):150-153 
Factors Influencing Residues 
9(3):150-153 
Food and Feed 
9(4):157-169 
Humans 
9(3) : 150-153 


Pentachlorophenol, see PCP. 


Perthane ® 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) :157-169 


Phosalone 


Factors Influencing Residues 
9(2) :94-105 

Food and Feed 
9(2) :94-105 
9(4) : 157-169 
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Plants (other than those used 
for food and feed) 


Grasses 
mercury 
9(1) :39-43 
organochlorines 
9(1) :39-43 
Trees and Shrubs 
mercury 
9(1) :39-43 
organochlorines 
9(1) :39-43 


R 


Ronnel 


Food and Feed 
9(2) :94-105 
9(4) : 157-169 


Sediment 


Canals and Ditches 
organochlorines 
9(2):106-114 
Lakes and Ponds 
organochlorines 
9(2) :89-93 
Ocean 
mercury 
9(1):15-20 
Rivers and Streams 
mercury 
9(1) 244-54 
mirex 
9(3):141-149 
organochlorines 
9(1) :34-38 


Selenium 


Food and Feed 
9(4) :157-169 


Soil 
Croplands 
mirex 
9(3):141-149 
organochlorines 
9(1) :30-33 
9(2):106-114 
Riverbanks 
organochlorines 
9(1) :34-38 


Strobane ® 
Food and Feed 
9(4) :157-169 


T 


TCNB 


Food and Feed 
9(4) :157-169 


TDE (see also DDD) 


Factors Influencing Residues 
9(2) :94-105 
9(4):170-175 
Food and Feed 
9(2) :94-105 
9(4) :157-169 
Plants (other than those used for 
food and feed) 
9(1) :39-43 
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Water 
9(1):2-10 
9(1) :21-29 
9(1) :39-43 
9(4):170-175 
Wildlife 
9(1):2-10 
9(1):21-29 
9(1) :39-43 
9(4) :170-175 


Toxaphene 


Food and Feed 
9(2) :94-105 


7106-114 
7106-114 


7106-114 
2170-175 


:170-175 


Ww 


Water (see also Sediment) 


Canals and Ditches 
atrazine 
9(3):117-123 
DDE 
9(3) :117-123 
dieldrin 
9(3) :117-123 
organochlorines 
9(1) :34-38 
9(2) : 106-114 
Drinking 
atrazine 
9(3) :117-123 
DE 


9(3):117-123 
dieldrin 

9(3):117-123 
organochlorines 

9(1) :34-38 

Estuaries and Marshes 

cadmium 

9(4) :155-156 
lead 

9(4) :155-156 
mercury 

9(4) : 155-156 

9(4):170-175 
organochlorines 

9(1):2-10 

9(1) :39-43 

9(2):106-114 

9(3):134-140 

9(4) :155-156 

9(4) :170-175 

Lakes and Ponds 

atrazine 

9(3) :117-123 


DDE 
9(3):117-123 
DT 


9(1) :21-29 
dieldrin 
9(3):117-123 
organochlorines 
9(2) :89-93 
9(2):106-114 
PCB’s 
9(1) :21-29 
Ocean 
mercury 
9(1):15-20 
organochlorines 
9(3) :134-140 
Rivers and Streams 
atrazine 
9(3):117-123 
DE 


9(3):117-123 
dieldrin 

9(3):117-123 

9(4) 186-194 


mercury 
9(1) :44-54 
organochlorines 
9(1) :34-38 
9(2) : 106-114 
9(3) :134-140 
Subsurface 
atrazine 
9(3):117-123 
DDE 
9(3) :117-123 
dieldrin 
9(3):117-123 
organochlorines 
9(1) :34-38 


Wildlife 
Amphibians 
2124-133 


dieldrin 
9(4) : 186-194 
mercury 
9(1) :15-20 
mirex 
3) 2141-149 


:79-88 
79-88 


21 
:79-88 


79-88 


2141-149 
organochlorines 
9(1):11-14 
Ducks 
cadmium 
9(4) :155-156 


ad 
9(4) :155-156 
mercury 
9(2) :67-78 
9(4) :155-156 
organochlorines 
9(4) : 155-156 
9(4) :176-185 


:21-29 
:21-29 
7186-194 


215-20 
139-43 
144-54 
9(4) :170-175 
mirex 
9(3) :124-133 
9(3):141-149 
organochlorines 
9(1):2-10 
9(1) :30-33 
9(1) :39-43 
9(2) :89-93 
9(3):134-140 
9(4) :170-175 


CB’s 
9(1) :21-29 
TDE 
9(1) :21-29 
Invertebrates 
dieldrin 
9(4) : 186-194 
mirex 
9(3) :124-133 
9(3):141-149 
organochlorines 
9(2) :89-93 
Mammals 
mirex 
9(3) 2124-133 
9(3):141-149 





Mongooses 
mercury 
9(1) :3%43 
mirex 
9(3):141-149 
oyganochlorines 
9(1) :39-43 
Plank&ton/ Algae 
mercury 
9(1):15-20 
mirex 
9(3):141-149 
organochlorines 
9(2) :89-93 


Reptiles 
mirex 
(3) :124-133 
Shellfish 
dieldria 
9(4) : 186-194 
mercury 
9(1):15-20 
9(1) :39-43 
\ 9(1) 244-54 
mitex 
9(3) :141-149 


\ 


organochlorines 
9(1):2-10 
9(1) :39-43 
9(3) :134-140 


Zz 


Zinc 


Food and Feed 
9(4) 157-169 
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A 


ALBRIGHT, L. J., NortHCOTE, T. G., OLorrs, P. C., and Szeto, S. Y. 
Chlorinated hydrocaibon residues in fish, crabs, and shellfish of 
the lower Fraser River, its estuary, and selected locations in Geor- 
gia Strait, British Columbia—1972-73. 9(3) : 134-140 

Avery, M. J., see RicHarp, J. J. 


B 


BANks, W. A., see Woscik, D. P. 

BARBEHENN, K. R., see NICKERSON, P. R. 

Baskett, T. S. Mercury residues in breast muscle of wild ducks, 1970- 
71. 9(2) :67-78 

BELISLE, A. A., see CROMARTIE, E. 

BENSON, W., see Gasica, J. 

BENSON, W. W., see WYLLIE, J. A. 
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